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SUMMARY 


The  various  Subjects  covered  in  this  report  are  listed  In  the  Table  of  Contents. 
Abstracts  of  the  Individual  Investigations  are  Included  on  the  DD  Form  1498 
Introducing  each  work  unit  report,  and  names  of  Investigators  are  given  at  the 
beginning  of  each  report. 


FOREWORD 


In  conducting  the  research  described  in  this  report,  the  investigators  ad¬ 
hered  to  the  "Guide  for  Laboratory  Animal  Facilities  and  Care,"  as  promul¬ 
gated  by  the  Committee  on  the  Guide  for  Laboratory  Animal  Facilities  and 
Care  of  the  Institute  of  Laboratory  Animal  Pesources,  National  Academy  of 
Sciences  -  National  Research  Council. 
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23(U)  To  obtain  knowledge  of  the  role  of  immediate  and  delayed  hypersensitivity  in  the 
imraunopathology  of  helminthic  infections. 

24(U)  After  careful  study  of  pertinent  literature  and  consultations  with  immunochemists 
and  pathologists,  ooth  classical  and  new  methods  will  be  used  to  obtain  data  from 
controlled  experiments. 

25(U)  70  11  -  71  06  A  radioactive  iodine  laoeled  microprecipitin  assay  was  developed 
for  measuring  binding  of  antigen  by  antibody  in  schistosomiasis.  This  assay  reliably 
measures  antibodies  of  several  Ig  classes,  but  primarily  those  of  IgE.  Using  5 
jifferent  helminth  antigens  there  was  specific  in  vitro  leukocyte-mediated  histamine 
release  in  rabbits  infected  with  Schistosoma  mansoni  or  Trichinella  spiralis.  For 
technical  reports  see  Walter  Reed  Army  Institute  of  Research  Annual  PrQgress  Report, 

1  Jul  70  -  30  Jun  71. 
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Project  3A06110U91C  IN-HOUSE  LABORATORY  INDKPKNDENT  RESEARCH 


Task  00,  In-House  Laboratory  Independent  :>*s*ar  •  r * 

Work  Unit  010,  Hypersensitivity  in  the  iinmunopatbology  of  hrlr.inthi  • 
infection:** 


Investigators 

Principal:  E.  H.  fc.D.,  Lib.  Doc. 

Associate:  M.  Aikawa;  J.  raroaro;  MAJL.  J.  Colva  ;1,  MO;  1*  .  :i. 

MOO  H.  W.  lure;  SP5  J.  F\.  Ortaldo;  M.  «7.  fchc  <*ni  » *  ■  h i * *i% ; 

J.  0.  Williams 

1 .  A  radioactive  antigen  micropre  iiitin  as  ay  for  .  *ti.  toeomiasi., . 

Many  useful  technics  are  currently  available  to  d-t**  -t  and  m*  a:  ur* 
antibodies  developing  as  a  result  of’  parasitic  infection  .  Ln  vil  go  t-  sts 
such  as  the  precipitin,  agglutination  and  complement  fixation  t**ste  have 
been  classified  by  Minden  as  secondary  reaction.,  Tins.  t«*.  tx:  fr'*qu»*ntly 
fail  to  detect  significant  amounts  of  antibody  demonstrable  ty  } rimary 
binding  tests.  The  primary  antigen-antibody  interaction  i:;  the  first 
step  in  a  series  of  hi  echini  *al  and  biologic  pro^usses  which  may  or  may 
not  subsequently  result  in  a  secondary  manifestation .  This,  interaction 
can  be  detected  by  qualitative  procedures  suen  as  radio  Immunoelectro¬ 
phoresis  and  immunofluorescence  or  quantitative  tests  such  as.  equilibrium 
dialysis,  fluorescence  quenching  or  antigen  binding  capacity  of  antiserum 
by  the  use  of  radioactive  labeled  antigens. 

Procedures  measuring  the  primary  antigen-antibody  interaction  wore 
first  used  only  wit}  haptens  and  later  with  relatively  pure  protein  an¬ 
tigens.  Despite  the  sensitivity  and  precision  of  quantitative*  procedure* 
to  detect  the  primary  binding  and  precipitation  of  antigen  by  antibody, 
these  methods  have  been  neglected  by  those  studying  resistance  to  para¬ 
sitic  infection  probably  in  part  because  it  is  difficult  to  iodinate 
relatively  labile  antigens  and  partly  because  there  are  so  many  antigens 
in  crude  extracts  of  animal  parasites.  Although  the  immune  response  to 
schistosomes  has  been  measured  by  a  variety  of  tests,  a  tost  system 
which  measures  a  primary  antigen-antibody  interaction  is  not  available*. 

The  present  investigations  were  designed  to  develop  a  radioactive  antigen 
micro-precipitin  assay  and  to  compare  the  results  with  those  in  th*  sol¬ 
uble  antigen  fluorescent  antibody  and  passive  cutaneous  anaphylaxis  tests. 
The  results  demonstrate  that  a  radioactive  antigen  micro-precipitin  assay 
which  measures  binding  of  antigen  by  antibody  is  a  sensitive  indicator  of 
the  immune  response  to  schistosomiasis  in  a  number  of  hosts. 

I.  Antigens 

Lipids  were  removed  from  lyophylized  Schistosoma  mansoni  cer *ariae 
and  the  lipid-free  antigen  was  fractionated  by  gel-filtration  chromato¬ 
graphy.  Ten  ml  of  the  lipid- free  preparation  containing  44.4  mg  of 


protein  were  placed  on  a  2.5  cm  x  100  cm  Eephudex  0-200  column  and  eluted 
with  O.lU  M  phosphate  buffered  saline. 

Based  on  optical  iensity  unite,  two  distinct  protein  fractions  were 
obtained,  the  first  fraction  contained  12. ht  of  the  protein  and  fraction 
2  contained  62. o!  of  the  protein.  Ea  ih  fraction  was  reduced  to  a  10  ml 
volume  by  passing  it  through  an  Ami con  Cell  using  a  PF  20  membrane.  The 
effluent  from  the  con  •» 'titration  was  then  reconcentrated  by  positive 
pressure  using  cellules*;  acetate  tubing,  and  the  amount  of  protein  in 
each  was  determined  by  th«*  Lowry  method.  Fraction  1  contained  1.25  mg 
protein/ml,  fractiun  2  contained  2. 33  mg  protein/ml  and  a  trace  amount 
of  protein  was  r^eov-r^J  from  thi  effluent  from  the  Amicon  Cell. 

Lipi-J-fr^e  antigen,  fraction  1  and  fraction  2  were  labeled  with 
radioactive  iodine  (x  i)  aceoriing  to  the  technic*  of  McConahay  and 
Lixon.  The  lal  *I*m  antigens  were  divided  into  aliquots  sufficient 

for  each  experiment  an:  stored  at -70°C  until  used.  Titrations  wore  done 
with  ea^h  new  lit  of  .ab-led  antigen  to  determine  the  desired  di¬ 

lution  of  antigen  to  obtain  the  optimal  reactivity. 

II.  forum 


a  .  Him, an  fours' 

A  total  of  1  >4  s  'rum  specimen0  from  individuals  infected  with 
schistosomiasis  Living  in  •  •ndemic  areas  was  studied.  All  diagnoses 
wer>‘  confirmed  by  th  *  \  res  *nc<‘  of  eggs  in  the  stools.  Of  these  48 
w*~uv  obtained  in  areas  of  Low  endemicity  (Saint  Lucia,  DWl)  and  56 
in  areas  of  high  endemicity  (Egypt,  UAR) .  In  addition,  90  specimens 
from  healthy  indivi  luals  from  nonendemic  areas,  85  specimens  from 
persons  with  known  yaras.itic  infections  other  than  schistosomiasis 
ami  •  i  specimens  f r  ;r:i  e-rson.  with  viral,  bacterial  or  mycotic  in¬ 
fections  were  use*.!  as  sqa  uficity  *ontrols . 

b.  Animal  foam**' 


Aj.1  s  uti  us.ee  in  Mrs.*-  ■■experiments  were  obtained  from  young  adult 
animals,  Rabbi4.  w  r»  immunized  by  inoculating  10  mg  of  the  lipid-free 
cercariai  antic*  n  m  1  ml  of  :omplete  Freund's  adjuvant  into  the  foot 
pads.  The  animal;  w*  i*-  -‘Lai longed  with  10  mg  lipid-free  cercariai 
antigen  in  saline  intradermally  10  and  17  days  later  and  bled  at  the 
appropriate  time.  . 

Rhesus  morfv  ye  v  r-  -xposcl  to  either  100,  500,  800  or  1,000 
•■•maria**  and  11  1  at  weekly  intervals  throughout  the  experiment. 

dome  chimpanzees  w  *re  exposed  once  to  either  500,  1,000  or  2,000 
■**r  :ariae  whi.e  ethers  were  exposed  monthly  to  250  cercariae.  All 
animal.:  wer*  bi**J  at  2  w*  ek  intervale  throughout  the  experiment. 


w 


one h  a n:i  Lieu  at, 


Mice  were  expose:  t.  *  F.  man,  uni  errraria- 

weekly  intervals. . 

c  *  Fractional on 

Poolea  human  anti-J.  maiK  cni  »t*ra  wer-  :  *"ocj :  it  at-  i  wits.  1 '  .  atu- 
rated  ammonium  rulfaL-  an'  :ialys«-,  against  /♦•v-ral  ohang**.:  uf  .1  M 
phosphate  buffered  (pi:  7*  )  sali:  *.  '.’oiumn  freed  icnatie  n  on 
was  performed  1  s.  entiai  ly  a.  ‘escrib  1  Ly  LLisaka.  Of  th*-  fractions 
collected  from  t is  FKAL  •.  .  urm,  one  war  designate*  :  a.  Fraction  1  an  j  tl, 
other  h  were  pool' -a  an  1  a  n  •  *mraU:d  Ly  psa.iti/**  pres.:  urn  uiaiysi.  .  Ido  * 
concentrated  pool**  fraction  war  then  refractionat- :  Ly  chromatoera:  ay 
on  Sephadex  G-MX  •  r.vntia .  ly  a  describee:  by  Lvai:L**r  and  Lobin.an. 

The  four  fractions  tha.  ot  mined  were  i  signal.**-:  as  rra’tions  II,  I II, 

IV,  and  V.  Those,  a.  wo.Lj  a.  the  first  fraction  from  LEA1*  :hru»r.at.  grapny 
(Fraction  i)  w.*n-  then  in  :  Lviuuai  ly  con  vntrat** :  before  testing  it;  anti¬ 
body  activity. 

All  s-*ru  J.'ej  in  1  e-rirs  nts  w**rr  r  stain**  i  from  blood  whi  d. 

was  allowed  to  clot  at  room  temperature  for  approximately  orn  hour  an  1 
then  placed  in  a  r*  fri«a*rato-i  i.b  c)  to  oomijete  retraction  of  tic-  :Jo1  . 

The  serum  was  s*  sural  ••  j  within  ft  hours  after  *oi lee tion  arid  stored  at 
-20°C. 

i .  Reduction  ana  Aisylation  and  Heat  Treatment 

Aliquots  of  antiserum  (O.p  ml)  were  iialysed  against  i?,u  ml  of 
0.1  M  2-morcaptoethancl  for  •;  hcrxrs  at  room  temperature  and  then  dialyzed 
in  500  mi  0.0?  M  iodt a  -etami  io  for  F  hours.  These  sera  and  their  controls 
were  then  dialyse  .1  a  rain,  t  s.ev  ra.1  chanp  of  0,1b  M  phosphate  buffered 
saline  pH  r{ ,2  at  f  t.  Jam;  j  c  of  antiserur  wer*  heated  at  l/P  in  a  water 
bath  for  h  hours,  ijpivnbo  i  ampies  served  as  controls. 

e .  Absorption  Experiments 


Antisera  wore  al  ;orbod  with  mansoni  antigen  by  diluting  the 
nonlabelod  lipia-free  antigen  1:10  and  then  preparing  two-fold  dilution 
in  triethanolamine  buffered  ‘aline  (TPb),  pi!  7*^«  The  immune  and  normal 
serum  sampler,  wen*  absorbed  with  the  antigen  dilutions  as  follows:  *>00  pi 
of  immune  or  normal  s  .*rum  was  placed  in  a  10  x  7i>  mm  glass  test  tube  and 
300  u  1  of  the  dilution  cl'  antigen  was  added,  mixed  well  and  incubated  at 
U°C  for  l8  hoi^rs,  after  whicn  they  w*  re  centrifuged  at  2f0  x  G  and  the 
supernatant  fluiu  was  removed  for  testing  in  the  RAMP  as  ;ay. 

Immune  rabbit  scrum  was  absorbed  by  adding  0.1  mx  of  goat  anti¬ 
rabbit  IgE  serum  to  i  .0  mi  cf  the  immune  s**rum  and  incubating  the  mixture 
at  37°C  for  3^;  minute::.  samples  wer»*  then  centrifuged  at  2  SO  x  G 

and  the  supernatant  portion  was  transferred  to  a  clean  test  tube  and 
reabsorbed  two  more  tin.*  .  The  final  supernatant  fluid  was  removal  and 
divided  into  aiiquot  for  testing. 


III.  Antibody  D-t»  lamination 


a .  .Vri.:-  AnPLg  f  Luor*  .  v-ont  Ant  ibody 

Hi c  OAfA  test  vi.  *o!.' iu'* t *  :  no  described  for  schistosomiasis . 

The  tit oro.  v>T-  x;  r-ss*- :  a/  the  reciprocal  of  the  highest  dilution 
giving  a  jesitiv--  ruling. 

b .  Pa.x-jy-*  *  nan-*,  u.  Anaphylaxis  (PCA) 

PCA  tests  in  wor'K-ys  weia  performed  as  described  by  badun,  in 
rabbits  as  i**serilt:i  ty  CvnifLer  and  Pecker  and  in  mice  as  described 
by  Mota .  In  all  thr*  ;  *'i**.  of  animals  PCA  reactions  were  induced 
7.  hoars  aftvs  s-a  i4isa+iou,  an  i  the  reactions  were  recorded  30  minutes 
alter  in.ie  ins  antle  r..  .1  positive  reaction  was  recorded  when  the 
ar*»a  of  rfan*’  a  r.'uins  wa  gr-nter  than  5  mm  in  diameter. 

Immune  11  f  fus.  i  ,  n 


ImmuriL  :iffa  hr:  *’  a:  4  i  •  vn  against  the  lipid-tree  antigen  and 
both  of  th*  fr'i'ti  i  ns  *  n  .  •  *t-  1  from  1-200  chromatography  was  carried 
cut  by  111**  r."4::  i  *’  :*:.*•  -ii:r  with  minor  modifications/  Ouchterlony 
p^at*e;  w  pr  ;nr-:  'it  :*  i  \  .  a;  e  ^ liaes  using  a  ml  of  a  1  %  agar.  A 
nurd  er  on-*  viv.  :  or •  1  oi.  is»  1  t  c  pi4'  par-  the  wells  which  were  spaced 
on"  diam*f  r  a:  as4  .  A-s  v-/is  *  r  refilled  once,  24  hours  after  the 
first  fi!..i.i'.  ...  :  .at-  s  w»-r*  in-ubate:  for  48  hours  at  room  temper- 

ufor-1,  t.ht  n  :  hot.  orath*  i  so  that  the  precipitin  bands  could  be  compared. 

i .  Pa  !:<  a  ;y--  Antigen  Mi  To-prod:  itin  Assay  (RAMP) 

Th-*  :-.t  .  an.  unsig-u.  were  iiluted  in  a  1:100  homologous  nor¬ 
ma'  s*Tim  in  m.  .  :  .  h  ’-Thf)  •  A  300  ul  aliquot  of  each  serum  dilution 

was  transfers-  1  4  a  nl  :i  lypropylerv  micro-test  tube.  Twenty  4l  of 
I  tass-  :  ant  !  •  *  [7m  As)  Ji  nation  were  added  to  the  serum  using  an 
hrnenderf  mis re;  i:  c‘ 4  .  .1.  ■  tub»*s  w'ere  then  capped  and  mixed  well  with 

a  r-*ckman  moth  i*h  “isro-mix-r.  After  18  to  24  hours  incubation  at 
iiri\  th'1  sam: /*s  w*  r*  c-ritrifu T- 1  in  a  Peckman  mi^rofuge  model  152  at 
1  ,000  rpm  (a:  r  rcxir.a tavly  *.  CO  x  Vs)  for  5  minutes  at  room  temperature. 
The  supernatant  f  .11  was  artfully  removed  and  transferred  to  another 
l.»an  mi  to-4**  s*  *ul  .  T  *  urvants  of  I*  Ag  in  the  precipitate  and  in 
tn>*  supernatant  fi.il  !  we4-  rmined  by  means  of  ^1  activity  in  a 
Paird-ntomi  4  V  i-1  7.  a  11-tyn-  gamma  counter.  Washing  the  precipitates 
aid  not  si grii f 4  \ar  4  Ly  »s-  iu -■  th**  radioactivity  of  the  precipitate. 

Me  suits  W'*r*  ■  xpr-  s  i  a  a  percent  of  the  total  precipitable 
radioactivity  obtain- l  ty  aiding  110  hi  of  20/  trichloroacetic  acid 
to  t.j  ul  »)f  an t L  -a  in  ;  ;  *■  ul  of  1:10  normal  scrum  diluted  with  1:100 
l.V-Ti-f.  fixty  t  sixfy-f:v-4  n-r  *ent  of  the  radioactive  antigen  was 
:  r  •  i:  itat  -  i  with  _  ■’*  4:ri  hi orr  acetic  acid;  a  serum  sample  which  pre- 
i  gr*  at'  •  *nnn  .  •  f  th<  radioactive  antigen  was  considered 

r*  a  4*  :  ■.  . 


* 


In  eonuu  tinr  th--  r--. -*:i r  di  a*  r i  t  •  :  in  t.ni.  r-.  :  .  v:  ,  t*  •  inv--.ti- 

pators  adh‘*i^d  u.  tin  M(Jui  :♦  :*r  i.abcra**  ry  Ani::u.  r a  -i  i'i  .  n:  .  ’nr-  ,  ’ 

as  promulgated  by  lb*  ’ •j,htU-e  .n  hrvi.i  *’  ‘  :  .1  i-  for  ha;*  rat  ry 

Animals  facilities  an  i  bn*:*  ef  the  Institute  <  :  InLorntory  Anima.. 
hesourccr, ,  National  A*aie:::y  if  .  :iui  -  -  haii  .no.  --ar  L  ’era.  !  . 

Irur  inoprecipi tin  tv.,  tr  w  r  .‘undue!  ■  ;  v.-n  tn-  1 5  ;  i  j- -  e  ant.i.-n 

and  tracts  >rn  .1  ar.  •  .  <  after  :  a:  a  4:,r)urh  a  .’-.na:-x 

column.  Three  :i.  tin  *t  n  ir  tom:  -  .  t  *  w-  --n  *  .n-  immun-*  •  ra  th- 

lipid-free  unti,yn.  wh-  r-  a.  m.y  *  band  *ar  ;r  n;  :  .'vain.  1  ;r'  'b  n  ] 
and  2  bands  apain.  t  :  r«a  aicn  -  . 

rv .  KAMI  A.’ say  in  1  -til.  4  .n  y  in.  0 

a .  HflY-  -t  i,f  !i:T  r -m  Anti£  *ni  :  Pr  ;  amt  inn: 

Preliminary  .  ’  lui*  .  in  :i  -at  •  •  j  t  hat  th  PJMTi  ’  a.  .  ay  Ait.:,  :  i:  i  :-:*!••  •■ 

extracts  of  f.  man. _ 1  r  aria-  a.  antic  n  a  i:  :  :  j  If- r- r.4  in  v  •  be?. A. 

rerun.  rpecimi  n.  mtain  ..  from  imm^niz-  :  or  in!  *•  o  ,  :  uninn 1  •  an:  in-  i  v 
normal  eontrm.  .  A  ,’ri*u  r**  **:<:  ■  rirmntr  war  ret  u;  t*  ‘or:  nr--  U.-* 
relative  off*  ^ti1  -  n  rr  of  v  ,*ral  antipeni  *  nr<y  arnl imn  .  Lin .iu-fr  o 
m  rnanroni  amarial  -'/tn  -t  and  the  p  fractions  obtain*-]  aft  r  r- n- 
aratirn  in  a  .VUiadnx  -POO  ‘nlunn  (Fip.  l)  wen  iodinnted  an:  r-  a  ’to-  : 
arainrt  re run  from  innuni  i,  inf-  :*t«-d  and  uninf*cte}  aninaiz, 
r*-ruJU  (retain  b  in  ,,iv-  !ii:‘--rent  experiments  w-  re  essentially  similar 
and  hav  -  been  summarize.  :  in  table  j  ,  differentiation  b"tw-on  infect,--: 
and  no  m:\a.l  r*.  in  wan  r:  .•••ry*-  j  with  wo  of  th-*  anti  pen,  test*  n  rt 
results  wor-  «b*sin*  *  wh-*n  tn*  fir.  t  fraction  coil*  *t-  3  from  tn** 
fenhado1  1-.  i  irnn  wa.  u.  •  i  a:  ant  iron.  This  ir  mown  by  Ur-  ti  n 
ratio  of  urri  «*n  re  *i :  i  t*r  :  ly  l  chin  l.oromiasi;  antisera  a.  --friar-  : 
to  that  or- •  *i:  1 » a  i  *-i  :  y  oi  r*  :  .  r--r;  .  A  pr-,ater  :  or  :■  -ntan'  of  antip'-n 
proc’ijutati<  u  w:  l  rv-  with  th-  .  »*rur  from  immunized  animaiz. 

Par*  *d  on  1  h-  rf*  :  t.  train--:  hy  imunodi  ffurion  and  in  t  :tin, 

dii’lt  ivnt  nrerar.*d  1  n.  it:  i-AVl  a.  zay,  fraction  i  war  u.  •*  i  a.  t  h 

nntipoi.  r>f  riiei  ••  t.hi  uj,  n  *:t  the  f(;iiowinp  experiment.  . 

to  i«,,(  rain  1:  -  f f  *  if  various  r*  i  jjj.  and  antigen  uiiia  iitr 

in  :•  i.  as:  ay  pi  o  a  :ar-  ,  ■  ruz  .  j;e  :imenr  from  irifect  en  anti  norriiai 

monkey.  w*-r-  ri  -r-  :  \:±  .  L:rO  a:  i  1:U(j  with  TPf  aloiie,  r”!n'  ;-.lu:: 
i\  ;/o  covin*  rr.  a  :  vr.  ir  or  !  Hf  plur  tiorrr.al  mnr.Key  r*-r'ur  in  *ii  ff* -r-  rd 
conceatra  t  i  nnr .  Ar  indient.-n  ir.  Iain*  b5  bert  result,  r,  (ratio  7-0  w**r*.- 
t'Utaii.eti  wh*  n  t  r j  reran,  wa  ;iiut--i  iii  Tit’  j  ius  1:100  norma.!  monk**;/  rerun  . 

optima]  r-*r  dir  w--r-*  t>4ain--d  wh**n  test  ::**ra  were  initial.ly  diluted 
1:10  with  1 :  .1  JO  it  -  f.  bwo-it  iu  r-rial  dilutiunr  were  man-  to  n-t.(  rn.in** 
end  point  soa-dder.  . 
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Table  1  Relative  efficiency  of  different  radioactive  iodinated  antigenic  preparations  of  S.  mansoni  cer~ 
cartel  antigen  in  the  RAMP  assay 


Sephadex  G-200  fractionation 

Lipid  free  eitract 

First  fraction 

Second  fraction 

Serum  source 

%  PPt 

Ratio* 

%  PPt 

Ratio 

%  ppt 

Ratio 

fUbblt  immunized 

63.4 

7.5 

07.9 

13.4 

6.4 

1.1 

Rabbit  norms]  control 

6.5 

7.3 

5.0 

Rabbit  infected 

34.8 

4.1 

93.4 

12.8 

ND 

ND 

Rabbit  normal  control 

8.5 

7.3 

ND 

Monkey  infected 

40.4 

2.2 

72.0 

6.7 

8.4 

1.5 

Monkey  normal  control 

18.5 

10.7 

5.7 

•  I  ofect  2d /control. 
ND  =s  Not  done 


Table  2  Effect  of  serum  ami  antigen  diluent  with  serum  dilutions  in  the  RAMT  assay 


Per  cent  nnhRen  precipitated  with  monkey  serum  nt  Riven  dilution 


1:10 

1:20 

1:40 

Diluent 

Infei  ted 

Norm.i 

1  Hiiio* 

Infected 

Normal 

Ratio 

Infected 

Normal 

Ratio 

TBS  +  MOO 

Normal  monke>  serum 

686 

9  6 

7.1 

34  6 

106 

3.3 

16.1 

9.3 

1.7 

TBS  4  1  10 

Normal  mrnko  scrum 

55.2 

12 .5 

4  4 

21.2 

11.0 

1.9 

6.1 

7.8 

0.8 

TBS  4  0.5^  BSA 

40  0 

9.6 

4.2 

35.1 

10.9 

3.2 

16.7 

9.4 

1.8 

TBS  only 

357 

10  0 

3.6 

33.3 

10.3 

3.2 

19.0 

1 1.1 

1.7 

*  Infected  control. 


C'riut»r  y<xyKf  IM| 

.  i^ure  i  Elution  pattern  of  lipid-free  antigen 
from  S  man  von  j  cercariae,  using  Sephadex  G-200 
column. 


b.  Effect  of  Specific  Antibody  Absorption 


To  determine  whether  the  RAMP  ace  ay  is  lue  to  a  specif i  •  antig'-n- 
antibody  reaction,  attempts  were  made  to  remove  antibody  iy  absorption 
with  two-fold  dilutions  of  the  non- labeled  antipen  prior  to  testing.  Ali¬ 
quots  of  the  same  sample-  of  antiserum  were  mixed  with  increasing  amounts 
of  antigen  and  then  assayed  against  I*  Ag  for  their  ability  to  react. 

The  results  of  testing  antisera  after  various  degrees  of  at  sorption  are 
shown  in  Fig.  2.  The  percentage  of  radioactive  antigen  precipitated  :y 
the  antiserum  decreased  in* direct  proportion  to  the  concentration  cf 
antigen  used  in  absorbing  it  before  testing  in  the  RAMP  assay.  Incu¬ 
bation  of  immune  serum  in  TBS  alone  failed  to  reduce  it;:  ability  to 
precipitate  radioactive  antigen. 

c .  Sensitivity  and  Specificity  of  the  RAMP  Assay  with  the  fera 
from  Different  Species  of  Infected  Animals. 

To  st^dy  the  sensitivity  and  specificity  of  the  RAMP  assay  with 
_S.  mansoni  antigen,  serum  from  animals  of  different  species  experimen¬ 
tally  infected  with  G.  mansoni  and  S.  haematobium,  sera  from  immunized 
rabbits  and  normal  serum  controls  were  tested  at  a  constant  dilution 
of  1:10  (Table  3)*  Except  for  mice,  positive  results  wore  obtained 
in  all  specimens  from  infected  or  immunized  animals  regardless  of  the 
schistosome  species  with  which  they  were  infected.  Of  the  yO  specimens 
from  infected  mice  17  showed  borderline  reactivity.  None  of  30  speci¬ 
mens  from  noninfected  mice  reacted  in  this  assay. 

d .  Sensitivity  and  Specificity  of  the  RAMP  Assay  with  Human  Gera. 

Serum  samples  from  patients  with  proven  schistosomiasis ,  from 
patients  with  a  variety  of  infections  other  than  schistosomiasis  and 
from  patients  with  degenerative  diseases  were  assayed  for  their  abil¬ 
ity  to  react  in  the  RAMP  assay.  Of  the  104  schistosomiasis  patients, 

48  were  from  areas  of  low  endemicity  and  56  from  areas  of  high  en- 
demicity.  All  samples  were  diluted  1:10.  As  shown  in  Table  4,  pos¬ 
itive  reactions  were  obtained  in  8l  percent  of  the  serum  samples 
from  schistosomiasis  patients.  Conversely,  no  reactions  were  observed 
with  90  sera  from  healthy  persons.  A  few  positive  reactions  were  ob¬ 
tained  among  the  sera  from  individuals  with  various  parasitic,  bac¬ 
terial,  mycotic  or  viral  diseases.  Of  these,  most  occurred  in  persons 
with  syphilis. 

e.  Reproducibility 

In  order  to  obtain  some.1  information  on  the  reproducibility  of 
results,  serum  pools  from  infected  and  normal  rhesus  monkeys  and  from 
immunized  and  normal  rabbits  were  divided  into  aliquots  and  tested  at 
different  times  with  different  lots  of  radioactive  antigen.  As  indi¬ 
cated  in  Table  9,  ;he  results  were  highly  reproducible.  All  of  the 
specimens  from  infected  or  immunized  animals  reacted  and  none*  of  the 


0 


specimens  from  normal  controls  reacted.  The  labeled  antigen  appeared 
to  be  stable  for  at  least  4  months  when  frozen  at  -70°C. 


.  NORMAL  IMMUNE 

SERUM  SERUM 


PERCENT  OF  RADIOACTIVE  ANTIGEN  PREClPITATEO 


Figure  2.  Per  cent  of  radioactive  antigen  pre¬ 
cipitated  with  antiserum  after  absorption  with  var¬ 
ious  nonlabeled  antigen  concentrations. 


Table  3  Senrifici/y  of  RAMP  assay  using  S.  mansoni  antigen  in  sera  of  immunized  and  experimen¬ 
tally  infected  animals. 


Serum  source 

Number 

specimens 

Number 

reactive 

Mean% 

antigen 

ppt 

Ratio* 

Rihbiti  immunized  lipid-free  antigen 

14 

14 

95.8 

8.9 

Rabbits  normal  controU 

14 

0 

10.8 

Monkeys  infected  with  S.  haematobium 

71 

71 

09.5 

6.5 

Monkeys  normal  controls 

23 

0 

10.7 

Monkeys  infected  with  S.  mansoni 

138 

158 

62.9 

5.9 

Monkeys  normal  controls 

23 

0 

10.7 

Chimpanzees  infected  with  5.  haematobium 

53 

53 

38.8 

3.3 

Chimpanzees  normal  controls 

14 

0 

11,7 

Chimpanzees  infected  with  S.  mantoni 

28 

28 

41.8 

3.0 

Chimpanzees  normal  controU 

14 

0 

11.7 

.Mice  infected  with  S.  mansoni 

90 

17 

11.1 

1.7 

Mice  normal  controls 

30 

0 

0.5 

•  '"fted/eontiiili. 


f .  Effect  of  Hydrogen  Ion  Concentration 


To  determine  the  possible  effect  of  hyuro/en  ion  concentration 
on  the  antigen-antibody  reaction,  experiments  vere  conduct*.-  i  with  sera 
in  which  the  pH  varied  from  6.0  to  8.6  by  adjusting  it  with  NaOH  or 
HC1.  The  results  indicated  that  although  the  RAM?  assay  could  be 
performed  successfully  at  all  the  hydrogen  ion  concentrations  testeu, 
a  pH  of  7 *0-7 -2  gave  optimal  antigen-antibody  interaction. 

g.  Effect  of  Nonspecific  Proteins 

The  effect  of  nonspecific  albumin  and  gamma  globulin  on  the  re¬ 
sults  of  the  RAMP  assay  was  studied.  Varying  amounts  of  normal  rabbit 
gamma  globulin  or  bovine  serum  albumin  were  added  to  a  constant  dilu¬ 
tion  of  sera  from  infected  and  immunized  animals  and  their  controls, 
and  assayed.  The  presence  of  albumin  or  gamma  globulin  in  the  amount 
up  to  8  mg/ml  had  no  demonstrable  effect  on  the  reactivity  of  the 
various  sera  tested. 


Table  4  and  si lecifirity  of  RAMF  Assay  using  S.  mansoni  antigen  with  humatt  sera. 


Diagnosis 

Number 

samples 

Reactive 

Nonreactive 

Number 

samples 

Mean  % 

ppt 

Ratio* 

Number 

samples 

Mean  % 
ppt 

Ratio 

Healthy 

90 

0 

90 

9.5 

Schistosomiasis 

104 

84 

28.0 

2.9 

20 

12.9 

1.4 

Lou  endemic  ity 

48 

30 

25.3 

2.7 

16 

12.8 

1.3 

High  t..demicity 

56 

54 

29.8 

3.1 

2 

14.0 

1.5 

Other  piraiitic 

85 

13 

17.7 

1.9 

72 

11.4 

1.2 

infections 

Nonparaiitic 

59 

8 

17.8 

l.fi 

51 

11.9 

1.3 

infections 

Syphilis 

14 

7 

17.0 

1.6 

7 

11.2 

2.2 

•  lnfected/contmls. 

Table  5  Reproducibility  of  results  tt 

ith  different  lots  of  S.  mansoni  antigen. 

Serum  source 

Number 

times 

tested 

Number  times  reactive  at  1:10  dilution: 
expressed  in  per  cent  precipitated  Ag 

Nonreoctive 

15-34  35-54 

55-74 

75-94  >  95 

S.  maruoni  infected  monkey 

14 

0 

—  10 

4 

—  — ' 

Normal  monkey 

14 

14 

—  — 

— 

—  — 

S.  mansoni  immunized  rabbit 

18 

0 

—  — 

7 

11  — 

Normal  rabbit 

16 

18 

—  — 

— 

—  — 

1\ 


V ,  Characterization  of  Antibodies  in  RAMP  Assay 

A  series  of  investigations  was  conducted  to  define  some  of  the 
properties  of  the  antibodies  which  reacted  in  this  assay. 

a .  Serum  Fractionation 

Ion-exchange  chromatography  and  molecular  sieving  were  employed 
in  an  attempt  to  separate  some  of  the  antibodies  present  in  sera  from 
infected  human  patients.  The  pooled  serum  was  separated  into  5  frac¬ 
tions  by  DEAE  chromatography.  Fraction  I  contained  most  of  the  protein 
and  was  tested  as  such.  The  other  h  fractions  were  pooled  and  passed 
through  a  G-200  Sephadex  column.  Four  fractions  were  eluted  and 
designated  as  Fractions  II  III,  IV  and  V  (Fig.  3)»  Immunoelectro¬ 
phoresis  showed  that  Fraction  I  contained  most  of  the  IgG  and  IgA 
immunoglobulins ;  Fractions  II  and  III  contained  a  trace  amount  of 
IgG  and  Fractions  IV  and  V  had  no  precipitin  lines  against  any  of 
the  immunoglobulin  classes.  All  of  the  SAFA  activity  was  found  in 
Fraction  I.  PCA  activity  was  found  only  in  Fractions  I  and  V  with 
the  strongest  reactions  in  Fraction  V.  All  five  fractions  reacted 
in  the  RAMP  assay  and  Fraction  V  produced  the  strongest  reactions 
(Table  6,  Fig.  3). 


Table  6  Results  of  fractionation  of  immune  S. 

nipnsoni  Annum  sera  (pooled). 


HAMP 
%  Pl>t 

POA 

activity 

SAFA 

titer 

Immune  M»n»m 

43.7 

4  + 

1  128 

Immune  globulin 

55.0 

4  4- 

1  128 

Fraction  I 

21.8 

2  + 

1:128 

Fraction  11 

22.1 

— 

— 

Fraction  III 

17.2 

■ — 

— 

Fraction  IV 

19.8 

— 

— 

Fraction  V 

37.4 

4  i- 

1 — 

II.  Charoctfriiotion  of  antibodies  in  RAMP  assay 

A  scries  of  investigations  was  conducted  to 
define  some  of  the  properties  of  the  antibodies 
which  reacted  in  this  assay. 


I .  Effect  of  Heat,  Reduction  and  Alkylation 

The  effect  of  heat,  reduction  and  alkylation  was  studied  with 
specimens  from  an  immunized  rabbit,  experimentally  infected  chimpan¬ 
zees  and  naturally  infected  hum, an  patients.  The  results  (Table  7) 
show  that  heat  and  treatment  of  serum  with  0.1  M  2-mercaptoethanol 
followed  by  alkyiation  with  0.02  M  iodoacetamide  destroyed  the  reaginic 
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antibodies  as  detected  by  PCA  and  reduced  the  reactivity  with  the  RAMP 
assay.  Conversely,  similar  treatment  failed  to  decrease  the  reactivity 
of  the  fluorescent  antibodies  in  any  of  the  sera. 

Similar  results  were  obtained  with  20  serum  samples  from  infected 
patients  and  6  from  uninfected  controls  tested  nonheated  ana  heated  for 
4  hour'3  at  5 6°C.  Before  heating,  all  of  the  specimens  from  the  infected 
patients  and  none  from  the  controls  reacted  in  this  assay  (28.3  and  10.0$ 
precipitate,  respectively).  After  heating  all  2b  samples  gave  negative 
results  (13.0  and  9-0$  respectively).  The  addition  of  guinea  pig  serum 
as  a  source  of  complement  after  heating  failed  to  restore  the  reactivity 
of  the  sera. 

c .  Serum  Absorption  with  Monospecific  Antiglobulin 

Absorption  of  rabbit  antiserum  with  goat  anti-rabbit  IgE  serum 
markedly  reduced  the  reactivity  of  the  whole  serum  in  the  RAMP  assay 
(from  82,1  to  53*2  percent)  and  eliminated  its  reactivity  in  the  PCA 
test  (from  4+  to  negative),  but  the  titers  in  the  SAFA  test  were  not 
reduced . 


d .  Correlation  of  Results  with  PCA  Activity  in  Human  Sera 

PCA  activity  was  determined  in  85  SAFA  reactive  human  schistosomiasis 
sera  using  rhesus  monkeys,  and  the  results  were  compared  with  the  antigen 
binding  of  RAMP  assays.  As  shown  in  Table  8,  48  specimens  were  positive 
in  both  the  RAMP  and  PCA  tests.  Whereas  only  3  sera  in  which  reaginic 
antibodies  had  been  detected  failed  to  react  in  the  RAMP  assay,  17  which 
reacted  in  the  RAMP  assay,  gave  negative  results  in  the  PCA  test. 


Table  7  Effect  of  heat ,  reduction,  and  alkylation  on  immune  sera  in  the  RAMP,  PCA,  and  SAFA 
tests. 


Scrum 

treatment 

Immiine  rabbit 

Infected  chimpanzees 

Infected  patients 

RAMP 

PCA 

SAFA 

RAMP 

PCA 

SAFA 

RAMP 

PCA 

SAFA 

Untreated 

82.1 

4  + 

1:32 

47.7 

4-1- 

1:512 

43.7 

4  + 

1:128 

MC — 4  hr 

25.1 

— 

1:32 

104 

— 

1:512 

10.8 

— 

1:128 

2  Mercaptoelhanol  +  iodoacetamide 

47.0 

— 

1:32 

36.3 

— 

1:512 

13.7 

— 

1:128 

Iodoacetamide 

09.7 

4  + 

1:32 

46.8 

4  + 

1:512 

49.4 

4  + 

1:128 

PBS  dlalyiU  (only) 

73.8 

4  + 

1:32 

30.0 

4  + 

1:512 

36.0 

4  + 

1:128 

Table  8  Correlation  of  results  obtained  with 
PCA  atul  RAMP  tests  jn  sera  from  infected  patients 
reactive  in  the  SAFA  test. 


RAMP  (may  rraitivity 


Positive  N'n*ntive  Total 


Pos. 

48 

3 

51 

PCA 

artivity 

Neg. 

17 

17 

34 

Total 

65 

20 

85 

13 
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Figure  3.  RAMP,  PC  A,  SAFA,  and  immuncelectrophoretic  activities  of  fractions  of  human  anti-S. 
monjoni  senim.  Ammonium  sulfate-precipitated  immune  globulin  was  fractionated  on  DEAE  A-25.  Of 
the  5  fractions  collected  4  were  pooled  (top  right  shaded  area),  concentrated,  and  refractionated  on  Se- 
phadex  C-200.  The  first  fraction  obtained  on  DEAE  A-25  (I)  and  the  4  fractions  obtained  on  Sephadex 
C-200  (II,  III,  IV,  and  V)  were  analyzed  by  Immunoelectrophoresis  and  for  RAMP,  PCA,  and  SAFA 
activity. 
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VI. 


RAMP  Assays  with  Sera  from  Experimentally  Infecte  i  Animals 


To  determine  the  time- course  development  of  antibodi--.  dot  ■■•t<-d  1  y 
the  RAMP  assay,  chimpanzees,  monkeys  and  mice  were  infected  with  -.ith1  r 
S.  mansoni  or  £3.  haematobium.  Sera  taken  before  exposur--  to  inf<  -ti<n 
and  at  regular  intervals  afterwards,  were  tested  by  the  RAMP  assay  nr.-i 
the  results  were  compared  with  those  obtained  in  the  passive  cutan-rus 
anaphylactic  and  fluorescent  antibody  tests. 

In  the  first  experiment,  4  chimpanzees  were  exposed  one  to  too  or 
2,000  S.  mansoni  cercariae  each.  Serum  specimens  from  j  of  the;---  animal, 
gave  positive  PCA  reactions  within  3  to  1  months  and  remained  el- vat-  d 
through  18  months.  Fluorescent  antibodies  were  observed  in  ail  of  th-- 
animals  within  2  months  after  exposure  to  infection,  reached  a  p--nh  in 
6  to  10  months  and  remained  elevated  throughout  the  study.  Antih-oui  - 
were  detected  by  the  RAMP  assay  in  all  the  animals  as  early  as  on-  month 
after  infection,  reached  a  peak  after  approximately  one  year  an  i  th<  n 
decreased  as  the  infection  progressed.  The  pattern  obtained  on  one 
infected  chimpanzee  is  typical  of  the  group  and  shows  the  three  eurvt s 
of  antibody  development  (Fig.  4). 
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MONTHS  FOLLOWING  EXPOSURE 


Figure  4.  Representative  time-course  development  of  antibodies  in  one  chimpanzee 
cercariae  of  S.  nwntoni. 


exposed  to  200 


In  a  subsequent  experiment,  4  rhesus  monkeys  were  exposed  to  800 
S.  mansoni  cercariae  and  challenged  with  5,000  cercariae  ten  months 
later.  The  PCA  antibody  response  following  the  primary  exposure  varied. 
PCA  antibodies  were  detected  in  2  of  the  4  animaxs  as  early  as  2  months 
after  exposure.  Fluorescent  antibodies  were  demonstrable  in  all  of  the 
infected  animals  2  months  after  infection,  reaching  a  peak  almost  im¬ 
mediately  and  remaining  elevated  throughout  the  study.  Antibodies  were 
detected  by  the  RAMF  assay  in  ail  of  the  animals  as  early  as  one  month 
after  infection  and  reached  a  peak  almost  immediately  afterwards.  As 
the  infection  progressed,  there  was  a  diminution  of  reactivity  in  these 
sera  and  no  indication  of  an  anamnestic  response  in  the  CAFA  and  RAMP 
assay  was  detected  following  reinfection.  A  representative  pattern  of 
time-course  development  of  antibodies  in  these  animals  is  shown  in 
Figure  1  . 


Figure  5.  Representative  time-course  development  of  antibodies  in  one  rhesus  monkey  exposed  to  800 
S.  rrunwoni  cercariae  and  challenged  with  5,000  cercariae  after  10  months. 


In  a  third  >*xp**rirr.e:it,  r  rhesus  monkeys  and  P  chimpanzees  were  ex- 
nos-  *  1  to  £.  haematobium  cercariae.  A r  shown  in  Figure  6,  2  monkeys  were 
expos-d  to  loO  •'•rn,uria*,  2  to  j0  cercariae  and  2  to  1,000  cercariae. 

Of  the  c  chimpanzee  ,  4  re'*-ivt»d  a  single  exposure  of  1,000  cercariae 
ant  '♦  re  *eiv  .*  i  :r.o;  x  t  h  ly  •  •xrosures  of  250  cercariae  each.  RAMP  antibodies 
w-re  iotecte  i  as  early  as  one-  month  following  exposure  in  all  of  the 
M'-nK-1  ys,  re  a  hod  u  :  a-.  .  hurtly  afterwards  an  i  decreased  gradually  for 
tie  juration  of  tie*  *.  xt  -rim'-nt .  A  higher  percentage  of  precipitation 
was  at  all  tire,  in  t.v  monkeys  with  the  heaviest  infections. 
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These  antibodies  developed  slower  in  chimpanzees  than  in  monkeys  and  a 
lower  percentage  of  precipitation  was  obtained.  In  all  animals  with 
single  exposures  there  was  a  reduced  reactivity  as  the  infection  pro¬ 
gressed.  In  animals  with  multiple  exposures  antibody  activity  remained 
elevated  throughout  the  experiment. 

Similar  results  were  obtained  in  2  chimpanzees  exposed  once  to 
2,000  S.  haematobium  ce rcariae.  The  time-course  development  of  fluo¬ 
rescent,  reaginic  and  RAMP  antibodies  in  one  of  these  2  chimpanzees  is 

shown  in  Figure  7* 

Similar  experiments  were  conducted  with  mice  exposed  to  2o0 
S.  mansoni  cercariae  each,  fh*  mice  wore  bled  at  v  ,»ekly  intervals  aft*  r 
exposure  to  infection.  Ten  individual  s*  ra  of  “ach  weekly  bleeding  w»*r< 
pooled  and  usf‘d  in  th<*  RAMP  assay  as  well  as  in  test::  for  ‘‘luorerccnt 
antibodies  and  PCA  reactions.  Although  fluorescent.  antibodies  (Pig.  P) 
appeared  relatively  early  during  the  course  of  the  infection,  no  PCA 
activity  nor  significant  RAMP  reactivity  could  be  demonstrated. 

Schistosoma  mansoni  antigen  labeled  with  radioactive  iodine  com¬ 
bines  with  antibody  in  the  serum  from  infected  patients  and  animals. 

The  technic  which  is  relatively  rapid  and  highly  reproducible,  requires 
very  little  antigen  because  of  its  extreme  sensitivity.  Our  findings 
agree  with  observations  reported  by  Minden  et  al.,  who  compared  primary 
binding  tests  to  detect  the  primary  binding  of  antisera  directed  against 
bovine  serum  albumin. 

The  percentage  of  antigen  bound  by  antibody  was  remarkably  consis¬ 
tent  for  various  serum  dilutions  at  a  given  antigen  concentration.  Be¬ 
yond  a  certain  dilution,  however,  the  reactivity  decreased  greatly.  A 
pH  of  7, 0-7. 2  wa:  found  to  be  optimal  for  the  RAMP  assay  which  is  in 
agreement  with  Gleich  and  Stankievic  in  their  radio-immune  precipitation. 
However,  contrary  to  their  results,  heating  of  immune  sera  resulted  in 
marked  decreased  in  binding  activity.  Antigen  binding  did  not  depend  on 


Hf.imfc  6.  Time-course  development  of  RAMP 
antiUrdics  in  monkeys  and  chimpanzees  exposed  to 
varying  nmnl>crs  of  S.  haematobium  cercariae. 
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complement  since  fresh  complement  added  to  heated  sera  failed  to  restore 
RAMP  reactivity.  Rediction  and  alkylation  also  lowered  considerably  the 
reactivity  of  sera  in  this  test.  Increasing  the  albumin  or  gamma  globu¬ 
lin  concentration  neither  reduced  nor  increased  binding  significantly. 
This  assay,  however,  iiff^rs  from  other  serological  tests  for  parasitic 
infections  both  because  it  may  measure  the  primary  binding  of  antigen 
by  antibody  and  because  the  end  points  can  be  determined  on  the  basis 
of  measured  radioactive  antigen  content  rather  than  on  subjective  visual 
determinations .  C emi-quantitative  tests  expressed  in  terms  of  a  serum 
dilution  end  point  1c  not  provide  precise  data  concerning  the  quantify 
of  antigen  bounu  by  antibody  as  loes  the  test  described  here. 
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Figure  7.  Time-course  development  of  anti¬ 
bodies  in  one  chimpanzee  exposed  to  2,000  S. 
haematobium  erreorite. 


Figure  8.  Time-course  development  of  anti¬ 
bodies  in  mice  exposed  to  200  S.  mansoni  ccrcoriae 
each. 


The  valu“  of  this  as;  ay  lies  not  only  in  its  sensitivity  and  its 
usefulness  in  making  accurate  juan’itative  determinations ,  but  also  in 
it.,  capability  of  iroviJinr  a  means  of  measuring  antibodies  in  dif¬ 
fer  nt  immunoglobulin  c^ass-s.  Comparison  of  the  results  of  the  RAMP 
assay  wi  th  those  obtaine  \  with  the  JAFA  test  indicate  that  there  are 
many  featur  -s  distinguishing  these  antibodies  in  schistosomiasis . 
Rviience  that  this  t-st  measure*  antibodies  in  all  immunoglobulin 
•lasses  ani  : arti  ulariy  in  IgK  was  obtained  indirectly  by  noting 
lift’-T^n  in  he  -urv**.;  of  time-course  ievolopment  of  antibodies 
\f  the  RAM?  assay  from  those  of  the*  CAPA  tost.  Moreover,  fluorescent 
'mtiboii*  s  v-r  h *-at  .tab-**,  not  sensitive  to  2-mercaptoethanol  and 
a:  i  ":ie-  1  in  th*  Is  I  fraction,  whereas  heating,  reduction  and  alkylation 
•  *:  L:;.iunf •  *  :  ir  *ons i  f*rni  iy  r**iuc**i  the  antigen  binding  capacities  of 
vari e  i  ir:  this  t  *st.  A  re markable  similarity  of  results  was  ob- 

s  -rv*  :  wl*  .  tr  *  RAM?  assay  aril  the  passive  cutaneous  anaphylactic  tests 

!  S 


* 


with  sera  from  human  patie:  ts  and  experimental  animals.  However,  antigen 
binding  activity  in  the  RAMP  assay  appear* *d  earlier  and  persisted  longer 

than  PCA  activity. 

Abosrptior  of  immune  rabbit  serum  with  ar.ti-ra:bit  Igt  serum  com¬ 
pletely  removed  PCA  activity  and  reduced  tne  antigt -n  liridiag  activity  of 
the  RAMP  assay,  but  failed  to  decrease  the  SAFA  titer. 

Radioimmunc  precipitin  tests  have  b^er.  employ  e  successfully  in 
patients  \  ith  atopic  ij  ceases  ty  Hansen  ami  Gleich  anu  tg,  Newcomb  and 
Ishizaka  to  examine  the  immune  response  to  diphtheria  tex'-iu.  The 
allergen  binding  activity  of  antibodies  associated  with  different  im¬ 
munoglobulin  classes  in  serum  from  atopic  patient  was  stuai*  d  t.y 
Ishizaka  et  al.  They  also  found  that  essentially  all  skin  icnsitizing 
activity  in  the  scrum  specimens  was  removed  by  absorbing  wit)  anti-IgE 
sera  and  that  their  skin  sensitizing  activity  eorr^lat-i  wit),  antigen 
binding  values  of  I;T  nut  not  with  those  of  other  itrmunogloLulins . 
Bandilla  and  MclJuffit  indicated  that  IgM  and  IgA  predominate  in  the 
primary  respo nr-  while  IgG  predominates  in  the  secondary  response.  Our 
studies  indicate-  that  th>  RAMP  assay  can  hr-  used  effectively  to  measure 
antibodies  in  all  imrminoglcbu,  in  classes  and  particularly  in  IgE,  and 
is  a  means  of  demonstrating  primary  binding  of  antigen  by  antibody  in 
sohistosomiasi  . 

2 .  Specificity  of  in  vitro  leukocyte-mediated  histamine  release  with 
helminth  antigens  in  rabbit  trichinosis  and  schistosomia:  is . 

Peripheral  leukocytes  obtainea  from  rabbits  infected  with 
Schistosoma  man coni  have  been  shown  to  be  actively  sensitized,  a.  mea¬ 
sured  by  an  in.  vitro  antigen  induced  histamine  release  from  rabbit 
platelets.  Dus  interaction  of  leukocytes  from  sensitized  rabbits 
with  plate  Lets  has  been  confirm*.  i  by  Henson  as  well  as  firacaniam  and 
Osier  using  an  entirely  different  antigen-antibody  system.  Subsequent 
investigations  b*'  :  arbaro  and  fchocnbechler  on  the  mechanism  of  this 
immune  reaction  inui  ate  that  antigen  is  bound  to  s recifie  receptor 
sites  on  the  sensitized  leukocytes,  resulting  in  ’’activation"  of  the 
leukocytes.  Tim1  release  of  histamine  from  platelets  results  from  the 
interaction  of  activated  leukocytes  with  platelets,  either  directly  by  a 
cell  to  cell  contact  or  indirectly  as  reported  by  Henron,  through  the 
release  oi  a  soluble  1  actor  from  4  he  leukocytes. 

The  purpose  i  f  this  investigation  was  to  ■■xamine  Ur*  s.j  '-eifieity 
of  this  in  vitro  leukocyte-mediated  histamine  release  in  two  rabbit 
helminth  infections  and  to  compare  these  result:  with  th -■  specificity 
of  passive  •  utaneou:  anrn  hylaxis  (PCA),  complement  fixation  (Cr)  and 
the  soluble  anvLg**n  f  lucr'.vont  antibody  (SAFA)  reactions. 
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Experimental  infections .  Albino  rabbits  were  injected  witn 
£ .  mansoni  by  cutaneous  exposure  tc  25,000  viatic  eercariae,  or  with 
Trichinella  spiral!  '  by  the  .  ivT  admini;  tratlon  of  pepsin-digests  of 
infected  rat  muscle  eontai: it::'  if  ,000  larvae.  Trichincl  la  and 
Schistosoma  iafeete i  rabbit:  w-»r^  tests!  3-**  weeks  and  lj-15  weeks  pent 
infection,  respectively ,  for  js_  v  itro  Histamine  release  and  PCA  reactions. 
The  "Guide  for  Laboratory  Facilities  and  Care”  promulgated  by  the 
Committee  cl1  ttv  National  A  -a  lemy  of  Science  -  NatJo.ua.  Research  Council 
were  observe  l . 

Antigen.  .  Antigen;  eonsistel  of  lipiu-free  extracts  cf  G.  ma*.~oni 
(eercariae) ,  ja£unirum  (a  hilt.:),  T.  spirali  '  (larvae)  and  Dirofilaria 

immitis  (adults)  prepared  according  to  Chaffee  et  a.i .  In  addition,  an 
adult  Melcher!c  extract  of  Parngonimus  wecteri lanl  ana  a  f recce-dried 
preparatioii  of  mooli  ce.  of  Echinococcus  granulosus  were  employed.  Each 
antigen  preparation  va.  stan  larais^ :  at  i0  mg  of  ary  weight  nor  ml. 

?CA  reaction.  .  Intra.iormal  injection.  of  J.2  ml  of  serially  di¬ 
luted  rera  obtained  fi .  tli •  infectoi  animals  were  administered  to  the 

Lacks  of  freshly  shaven  norma.:  rabbit  .  After  a  latent  period  of  72 
hours,  one  ml  (10  m T  protein)  of  antigen  mixed  with  1.  ml  of  a  5 io  pon- 
tamine  sky  blue  solution  was  intravenously  injected.  Thirty  minutes 
later,  the  reactions  were  ooser^ed  and  a  positive  reaction  was  defined 
as  the  highest  iilution  associated  with  cutaneou.,  bluing  of  at  least 
5  mn  diameter. 

Complement  fixation  reaction .  These  tests  were  performed  as 
described  by  Kent,  and  Fife. 

foluble  Antis0!!  rVucres.n  nt  Antibody  Reaction.  These  tests  were 
conducted  as  inscribed  by  d a iuii  and  Gore. 

In  vitro  histamine  assay.  The  procedures  for  this  assay  are  simi¬ 
lar  to  those  previously  r  ported,  and  are  summarized  as  follows.  Peri¬ 
pheral  blood  from  inf- -etc  i  rabbits  was  collected  into  siliconized  glass 
syringes  containing  5.  M  ‘thyl»‘ne.,iairdnetetraacetate  (EDTA)  and  centri¬ 
fuge!  in  the  ‘old  at  17  >.  s  for  15  minutes.  The  supernatant  was 

discarded  an  i  tv*  ..r  -ly  pacxeJ  colls  were  resuspended  to  the  initial 
volume  with  Tyred-  ’ .  solution  •ontaj.ning  O.OOo  M  EDTA,  The  cell  sus- 
peusion  was  then  a;  c  !r  •*  /olurr.es  of  a  i jo  dextran  (MW  235,00b)  and 
raxed  well.  ’Vr  :  art..  f  to*  n-xtran-b food  mixture'  was  gently  layered 
oy*  r  on"  part  of  ‘  Fi  -oil.  After  the  agglomerated  red  cells  had 
.  ettlod  in  th»  rfvi.  lay-  t:ie  supernatant  was  aspirated  and  centri- 
fus'*;  thr-  e  tirv  s  at  17.,  x  for  10  minutes,  each  time  discarding  the 
’unernahant  an*:  r»*.  us;  »-nd In,  with  Tyrode 1  s-EDTA  solution.  The  cells 
v,  t*  th-ei  .t:*:s  :  In  ;  i  aln  lyrodo1:;  solution  -without  ElJTA,  counted 
with  tit*  1  ilv  ■:*  ’tirni  -art!  :D.*  counter  an  1  standardised  at 

p-  r  .  . 


:o 


* 


For  the  preparation  of  purified  plat "let  . :u:  pension.  ,  t  joou  fn 
normal  rabbit:;  wa^  collected  by  intracar aiae  puncture*  into  silieoni::* 
syringes  containing  EDTA  and  centrifuged  at  17 [j  g  lor  1>  minut'*.  .  il 
platelet-rich,  leukocyte-poor  supernatant  va.'  aspirate:  with  ]  la/ti  • 
pipette:;,  add"d  to  an  equal  volume  of  Tyro  :  1  .-ID  TA  sclu+im  an:  wa.  : 
twi i*» * ,  i‘h“  plat*  *>t  preparation.  cu’-uif-  .  :y  :  na..  ■  J  *v<  .  *t  ,v  a: 

in  T/rol^s  solution  to  contain  o.o  x  1  /  ;  .  *i t.- *  1  •  t.  :  ••r  ::  .  . 

One  haJ  I'  rr.l  ahijuofs  of  noth  In-*  .  tan  :ar  si  ;  .-.a:'  •;/*•  .  an  .  • 

i-  ts  w**r'*  ineu:at‘:  with  .  .mi  of  a  i:i.,  M.uticn  i.  f  4  n-  ini4  in 

Jngous  or  h*  t»  roJogous  anti  “n  :  r*  jaratii  n  . .in  P  at  *.y  f<  * 

histamine  H'-a/e,  After  incubation,  tie-  r-a-'ien  tut  .  w  r  ■*n4ri 
in  th*  *oLi  an:  th<*  histamine  content  <  f  th*  .  u;  ’rnatani  ,*.as  a.  am  : 

the  flunrometi’ie  method  of  Thor**  et  al  .  .  •*’..;  A  yin.*  a  mown  hi  s 4  ami : n 

standard.  The  total  histamine  content  of  th*  peat*  .**t  an :/i»r  s ••uj.i  *y 
preparations  us,"u  in  these*  experiments  /or**  a!  t  hf-rrin*  Th-*  hi. 
mint  reJ’*as>*  was  expresse  j  as  a  p  *r  vnh.  "  *J  at  iv*  to  t.v  trtai  ?  .at*  : 

histamine  content.  Any  reieas*  a;.ov"  1  /  ,  -  r  at  wo.  on.  i  :er  :  .  i  :  1 

cant . 

Controls  included  leukocytes  o.  tuin»*d  fro?:,  normal  rabbit.  ;rirr 
infection  with  T.  spiralis ,  which  w  r*  incut  nt-u  with  rn  rmnl  ;  jafej*  t 
and  the  various  helminth  antigens. 

Antigen  Induced  Histamine  Release 


The  degree  of  leukocyte-mediat*  i  hi:  tamine  r  *ieas*  from  norma- 
rabbit  platelet:  prior  to  infection  was  determined  with  leukocytes  oi 
tained  from  non- infected  rabbits.  These-  ]"Urx  yt  *.:  w*  r*  test*  \  with 
T .  spiralis .  £ .  mansoni ,  b .  imiriiti  ,  K .  granulosu.  and  K  western, ani 
antigens,  and  only  one  demonstrated  littl**,  rut  s.irnificant  histamin** 
roleas"  (i  ss  than  cl  !)  with  th-  s?  ira  1  is .  ■  ansmi  an  :  j_.  w-  s*  • 

antigen:;,  however,  it  should  t  ■  not**  :  that  i  **uko'*yf"S  f >son.  thi. 
rabbit  also  xaus"d  an  unusually  high  s  contain  r  us  md-as*  from  ;  Inf* 
without  tip*  addition  of  antigen. 

All  rabbits  infected  with  T.  spirali.  an:  _ .  man,  oni  1*  nous frat 
significant  ieukooyt<  -medial**  i  histanin"  r**.-a.v  wh ■  -n  4-*ste!  with  t  *.■ 
homolosou.  antigen.  Tabi**  *  lists  th*  ;"r*'*nt  r*  J**as*  <  stairs  :  in  4: 
Trichin*  ♦!  la  group  with  th**  inmoh.cus  anti  n  a.  w**.l  :  a.  t  h*  •  r*  .*n.* 
obtainu  :  with  th**  h-teri  It  'ous  helminhsi  •  anli/»*n  .  c,r  e  >  "*.• 

rabbits  ln!,'",t**.i  with  F.  s;  ira  I  is  s!i»  w-  .  s  r*  a-Mvif:  .si4:* 
antig'.n.  .  In  addition,  J- uKocytnm  *‘ror.  twa  <  *'  tl.*  .  *  raislts  s 
act"d  with  •  itM-r  1mm  it  is  or  A  gr.anui  cv  s  .  ;. 4  '  fs; ’• 

rabbit,  that  Ji  :  m  t  -ros.  -jv:i  •!  wl4h  .  man  ■  i  :.i  :  -s  a  4  4 

D.  imni  i  1.  .an  :  t  h*  :  •  r  *•  nt  lii  4  as. in  r  .  •  a.  x-  •  -  a  *•■•.  m  '  :  *  ’ 
obtain")  with  tin*  hono.1 1 ■  ous  anti  *n. 


• )  ’ 


The  results  obtained  from  rabbits  infected  with  S.  mansoni  are 
listed  in  Table  10.  Similar  to  the  Trichinella  group,  all  10  Schistosoma 
infected  rabbits  demonstrated  significant  histamine  release  with  the  hom¬ 
ologous  antigen.  The  histamine  release  ranged  from  3^  to  82$.  Eight  of 
the  10  also  showed  cross  reactions  with  £5.  japonicum  antigen  and  the  mag¬ 
nitude  of  release  was  similar  to  that  obtained  with  the  homologous  antigen 
However,  in  contrast  to  the  Trichinella  infected  group,  the  Schistosoma 
infected  rabbits  showed  no  cross  reactions  with  T.  spiralis  antigen.  Two 
of  the  Schistosoma  infected  rabbits  demonstrated  cross  reactivity  with 
P.  westermani  antigen. 


Table  9 

In  Vitro  //  f  'huritu*  Rtltsm  with  Homologous  t  inti  Hetvroloijon •>  A  ntignis  in  Rabbits  /nfrrtnl 

with  Trichinella  spiralis 


Kahhit  no. 

/  spiral  is 

Histamine  release  w 

.V.  S.  japonicum 

it h  indicated  antigen 

I).  immitis  I-  granulosus 

/\  wester  man  i 

T1 

70“ 

<i 

Nl>* 

•i 

0 

0 

T2 

05 

17 

XI) 

0 

0 

0 

T:i 

iui 

0 

A 

til 

•> 

A 

T4 

t;n 

ft  i 

0 

4 

21 

o 

To 

jo 

14 

Nl> 

1<> 

1 

() 

IV, 

jj 

II 

0 

0 

0 

1 

T7 

AA 

0 

0 

A 

() 

T* 

A2 

5 

0 

1 

0 

0 

TO 

\s 

0 
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0 

0 

riu 

15 

0 

0 

0 

0 

*  Percentage « 

•  I  release  ( 10'  , 

or  greater  considered  significant  release). 

*  Not  limit*. 


Table  10 

In  vitro  Histamine  intense  with  Homologous  and  firteroloyou*  Antigens  in  Rabbits  Infected 

with  Schistosoma  mansoni 


Histamine  release  with  indicated  antigen 


Kahhit  no 

.V  mansoni 

S.  ja  poniaim 

T  spiralis  l\ 

v. estermani 

D,  immitis 

-  E .  granulosus 

SI 

NJ" 

si 

0 

0 

0 

0 

S2 

78 

51 

0 

0 

0 

() 

s;i 

75 

ti.S 

j 

25 

2 

o 

5!l 

IN 

in 

44 

fi 

0 

S5 

58 

50 

n 

() 

0 

2 

Sti 

:>k 

Ii2 

0 

n 

4 

o 

S7 

55 

4*1 

N 

5 

in 

1 

SK 

51 

41) 

0 

A 

l 

0 

SO 

IS 

0 

1 

n 

0 

0 

sin 

A\ 

1 

0 

n 

0 

0 

9  Percent age  of  r»‘lea>* 
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infected  rabbits  would  be  only  %  if  compared  a /cor  line  to  genus  rather 
than  species.  In  this  study ,  positive  CF  reactions  with  heterologous 
antigens  were  observed  in  almost  all  the  serum  specimens  obtained  from 
infected  rabbits.  The  few  remaining  sera  were  anti -complementary. 
Previous  reports  by  Kidd  and  Friedewald  hav**  indicated  that  the  CF  test 
with  rabbit  sera  is  unreliable  because  of  fr  qu'-ni  non-  leeifi  positive 
reactions.  In  the  latter  studies,  it  was  demons! rat*  1  that  normal  adult 
rabbit  sera  contained  natural  antibodies  which  could  fix  complement  when 
mixed  with  saline  extracts  of  nonral  homologous  rabbit  tissues. 
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The  phenomenon  of  non- reciprocal  cross-reactivity  between  T.  spiralis 
and  3.  mansoni  has  been  reported  in  previous  serological  studies  and  in 
the  cross  adsorption  studies  of  Arierson  et  al.  The  lac/,  of  reciprocal 
cross-reactivity  between  these  helminth  antigen.*:  in  the  in  vitro  hista¬ 
mine  assays  of  the  present  study  supports  and  extends  the  earlier  obser¬ 
vations  . 

Although  the  specificity  of  the  in  vtiro  leukocyte-mediated  antigen- 
induced  histamine  release  is  not  absolute,  the  frequency  and  magnitude 
of  positive  reaction  with  heterologous  antigens  is  far  Less  than  that 
obtained  with  current  serological  tests  now  available.  This  assay  pro¬ 
cedure,  in  addition  to  increasing  our  understanding  cf  the  immunological 
aspects  of  helminth  infections,  may  be  of  practical  interest  in  several 
respects.  The  leukocyte-mediated  response  requires  minut>  quantities 
of  antigen  to  trigger  histamine  release  from  platelets,  fchoenbechler 
and  Sadun  showed  that  antigen  concentration  in  nanogram  amounts  were 
sufficient  to  induce  significant  histamine  release  from  rat  bits  infected 
with  S.  mansoni .  This  extremely  sensitive  technique  might  prov'*  useful 
in  detecting  small  amounts  of  circulating  antigen  in  heimintn  infections. 
Finally,  this  procedure  might  be  applicable  to  the  standardization  of 
antigens  prepared  by  different  physicochemical  method.:. 


Z’> 


.  Interaction  of  rabbit  p^atol«»K  ana  leukocyte.  for  release  of  histamine: 
Electron  microscoi  ic  oh:-‘  rvatjon  ; 


‘•■vo ral  investigator.  have  stuiied  the  mode  of  allergic  histamine 
r<  a.  e  i‘roi:.  lh\  plat  let.  of  rabbi:.;;  which  hao  been  immunized  against 
.  v-rnl  different  antigens.  fhes;.  .tuditr  on  release  of  histamine  re- 
;ui:’-i  i  ti  e  j  r  ■*.  .  i\  ;e  of  complement,  fchoenbechler  and  badun  wore  the 
first  to  demonstrate  i  bat  antigen-induced  histamine  release  from  well- 
vnshe  :  piat-lt  zs  of  rabbits  infect*  i  with  fchistosoma  inansoni  necessi¬ 
tate  :  only  th  ■  inclusion  of  ieuxocy  s  from  the  infected  animals. 

•  *  re  iy  .  imilar  piat-uot  hi  famine  release  from  the  rabbit  immunized 
train.:  ;  retain  anti.*  *ns  uch  a.  bovine  serum  albumin  and  horse  spleen 
:-  rriMn  has.  b**on  a  complirhec  by  the  audition  of  these  sensitized  leu- 
ko-yt-s.  The  exact  mow  of  histamine  release  from  the  platelets  mediated 
•j  tier  by  tc-  :iv  suction  of  a  soiuh  ■  factor  from  the  activated  leukocytes 
or  by  ill1'  d  *t*l  1  to  •«  .1  interact i  ivmain:  unsettled. 


is  eivtmuiiioat ion  n.  ril  .  »  n  interaction  b«*tw**on  the  platelet: 
ii:  activate!  ieuriocytos.  by  stvon  microscopy  in  an  attempt  to  shed 
light  on  th*  :*:•  hanism  invoxvt  3  in  ii  famine  release  from  the  former. 


he  :  r«  puratinr.  of  leuxocyt*  and  of  platelets  from  rabbits  were 

*  .  cib-d  j  revit  m  .ly.  il  proia  iur  ar»*  briefly  outlined  as  follows. 

I’he  i- ukc  ytc  :  from  schistosome  inf*  led  rabbits  were  obtained  relatively 
five  of  r*  1  stood  ceils  by  mean;  of  d-  xtran  agglutination.  The  major 

.  ortion  of  the  platelets  from  th**  leukocyte  [reparation  were  removed  by 
Jiff  rentias  •••nt-rifut ati  >n.  l\uv  ymphocyto  suspensions  were*  also  made 

•  t.|  loying  a  sia  ;  bead  column.  ibe  platelets  used  in  this  experiment 
were  obtained  from  normal  rabbits.,  ;  ni  were  essentially  free  of  leuko- 

•yt-e  .  ALL  >::.■• -i* i.:v- nl.  *  r  coniuc.ei  with  leukocytes  (sensitized)  fron' 

.inf  'i-  i  ruidits  an:  normal  rabbit  platelets  washed  three  times  with 
iyi‘Oie\  buffer  so  as  to  ^nsiire  the  absence  of  free  plasma.  The  buffer 
us>  :  throughout  thi  •'xneriment  was  lyrodeh  solution.  Four  different 
•omtinatiens  of  the  various  ell  su.  pensions  of  these  platelets,  leuko- 
•yt  •  and  antigen  were  made  as  follows: 

Iroup  liorra.*.  plat-  let..  +  sei  s.itise  j  leuxocyt et  (control  group) 

irou:  :  h\  rmui  platelets  1-  sensitized  leukocytes  +  antigen 

■irouj  ::  dormal  plat  1  *-t^  +  an  igen-aotivated  leukocytes 

Jroup  h:  1  mai  plate  Lets  f  an  igen-aotivated  leukocytes  +  antigen 

Th--  a  ’tivat-e!  i  *uko  71 wiv  male  1 ;/  in  ubating  sensitized  leukocytes 
with  an  “dual  volume  antigen.  A  t-r  incubation  the  activated  J euko- 
7:  .  wer-  wash*  1  twice  with  Tyrcue's  buffer. 

i'h»;s* *  tour  typ»  ..  of  cell  cues  •:  .  ions  were  fixed  in  1.2hfo  glutaral- 
,  Ui  su  rs>;>*  in  O.Op  M  phOuphfcte  bui'fer  (pH  7^0*  The  fixed  material 
was  wa.nei  in  .o‘  M  pnospbate  hulid  r  ana  were  postfixed  in  1$  0S0^.  The 
.  r  •.  am?  ions  y-uv  idiyrrated  in  the  series  of  ascending  ethyl  alcohols  and 
:  r<  .  7  on**  exit*  and  w  m  finally  eml  ended  in  Epon  8l2.  The  resulting 
.  w* ■  ••it  with  a  Forter-rdum  M-2  ultramicrotome  and  were  stained 
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with  1%  uranyl  acetate*  and  leal  citrate.  Sections  from  1C  block:;  of  '-a'di 
group  were  examined  with  a  Giemens  Elini.  hop  101  electron  micro. :cop** . 

Morphology  of  rabbit  platelet.:  and  leukocyte:; 

The  morphology  of  the  normal  rabbit  platelets  will  be  ciescrib**'J 
briefly  since  their  ultrastructural  characteristics  ar^  pertinent  to 
this  study.  Rabbit  platelets  are  elongated  or  ovoid  in  shape  and  pos¬ 
sess  several  cytoplasmic  organelles  (Figs.  9  and  10 ) .  They  contain 
mitochondria,  large  round  to  oval  electron  opaque  alpha-granules ,  small 
’’very  dense”  granules,  vesicles,  microtubules,  glycogen  particles,  endo¬ 
plasmic  reticulum  and  ribosomes.  The  alpha-granule::  are  abundant  an; 
measure  200-300  mn  in  diameter.  Each  granule  is  surrounded  by  a  unit 
membrane;  the  matrix  in  general  is  uniformly  electron  opaque  an i  occa¬ 
sionally  is  separated  from  the  surrounding  unit  membrane  by  a  narrow 
translucent  zone  (Fig.  10).  The  ’’very  dense”  granules  are  smaller  than 
the  alpha-granules  and  measure  about  200  mM  in  diameter.  They  oft*  n 
appear  as  round  vesicles  in  which  a  very  dense  particle  of  100  mg  is 
situated  eccentrically.  On  rare  occasion  the  entire  matrix  ix  eompJ'*Uly 
occupied  with  very  electron  dense  material. 

The  vesicles  vary  in  shape  and  are  limited  by  a  unit  membrane.  ITk 
matrix  is  electron  transparent  and  does  not  contain  any  stainable  sub¬ 
stance  (Fig.  10).  The  microtubules  are  usually  located  near  the  plasma 
membrane  (Fig.  10  )  and  measure  about  200  A  in  diameter. 

The  leukocytes  seen  in  these  preparations  are  small  lymphocytes, 
monocytes,  neutrophils  and  eosinophils.  The  small  lymphocytes  are  round 
and  contain  a  large  round  nucleus  which  occupies  about  80%  of  the1  cell 
body  (Fig  ll) .  A  narrow  rim  of  cytoplasm  surrounds  the  nucleus  and  con¬ 
tains  several  mitochondria,  numerous  ribosomes,  microtubules  and  infre¬ 
quent  smooth  endoplasmic  reticulum.  No  rough  endoplasmic  reticulum  i.r 
evident.  The  monocytes  are  larger  than  the  small  lymphocytes.  The 
abundant  cytoplasm  nad  the  presence  of  the  rough  endoplasmic  reticulum 
together  with  larger  cell  size  helps  to  differentiate  the  monocytes:  from 
the  small  lymphocytes.  The  granulocytes  are  rouni  with  irregular  micro¬ 
villi  extending  from  their  surface  (Fig.  9) •  Th  anulocytc  cytoplasm 
contains  a  large  number  of  electron  dense  granul  w  of  various  size  ar.d 
shape  as  well  as  several  nuclei. 

Interaction  of  platelets  and  leukocytes 

In  the  suspension  of  platelets  and  sensitized  leukocytes,  in  Tyrode* 
solution  without  antigen  (Group  l)  numerous  platelets,  leukocytes  and 
erythrocytes  are  randomly  distributed  in  the  thin  sections  (Fig.  i) . 

There  is  no  apparent  interrelationship  or  close  contact  between  the  leu¬ 
kocytes  and  the  platelets.  No  morphological  changes  arc  observed  in 
these  cells. 


Fif .  ^ — ten  suspension  composed  of  platelets,  and  sensitized  leukocytes  of  rabbits  with 
out  tne  presence  of  antipen  (group  1)  Small  lymphocyte  (L),  granulocyte  (G)  and  erythro¬ 
cytes  (R)  are  intermingled  with  platelets  ( P ).  However,  there  is  no  physical  interaction 
between  these  cells  (x  12.000). 


FI  ^ .  ID — Higher  magnification  electron  micrograph  of  platelet  from  control  group.  It  pos¬ 
sesses  several  electron  opaque  granules  (4G),  mitochondria  (M),  vesicles  (V)  and  micro¬ 
tubules  (MT).  ’  'y  dense  granules  are  not  observed  in  this  platelet  (X  43,000). 

**i  12 — Small  lymphocyte  from  group  1  containing  large  nucleus  ( N )  surrounded  by  nar¬ 

row  rim  of  cytoplasm  (C).  Cytoplasm  contains  a  few  mitochondria  and  ribosomes.  Endo 
plasmic  reticulum  is  sparse  (x  15,000). 
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Combination  of  the  plat»*l«*tr  an  i  n  ill.-  :  i- aru/yl  *.  with  th 
addition  oi*  antipen  (Group  1’)  or  aotivat*  1  .1*  ur.t,  *yt* */  ana  riat-i-t.' 
without  antipen  (Group  0  or  with  antir^u  (Grou;  h)  aron/trat**  r-  r:.arh- 
abie  ohanre:;  in  their  phyrieai  relation,  nir  a.*  w-  .ll  a.  tl  •  ir  morj  hrlu.«*y . 
lliene  chanp^c  are  ir.ort  nronounc*  i  in  Group  a  (rip.  i i  ).  Th-  r  ■  ar  •  many 
apprerater  oi  plate  let.  interr::inrl“d  witii  J *  u/.oeyt*  •/  am  /"Jlular  j  bri. 
(hip.  111).  The*  center/  of  the/*-  appiv/at*  /  ar**  **orri;>o.  * ■  i  oj*  a  l--w  /mail 


Fig.  1£ — Cell  suspension  consisting  of  platelets  and  activated  leucocytes  with  added  antigen 
(group  4).  Aggregation  of  platelets  (P)  surrounds  small  lymphocyte  (L)  These  platelets 
are  intermingled  with  cell  debris.  Each  platelet  extends  long  pseudopods  and  some  of  them 
are  in  direct  contact  with  small  lymphocyte  (arrow)  A  few  granulocytes  (G)  are  seen  in 
periphery  of  this  aggregate  (x  10,000). 


lymphocytes  and  monocytes  which  are  surrounded  by  numerous  platelets. 

Many  of  these  platelets  are  irregular  in  shape  and  possess  pseudopods 
(Fig.  lj)  extending  toward  the  centrally  located  lymphocytes  and  mono- 
•ytos.  Often  these  pseudopods  are  in  close  contact  with  these  leuko¬ 
cytes  and  some  protrude  into  the  leukocyte  cytoplasm  at  the  base  of  the 
microvilli  (Figs.  1 6  and  17;.  Thus,  the  pseudopods  of  the  platelets  and 
microvilli  of  the  lymphocytes  and  monocytes  are  interdigitated .  The  tips 
of  th“  pseudopods  of  the  platelets  are  often  inserted  into  the  cytoplasm 
of  these  leukocytes,  forming  a  cytoplasmic  anastomosis  (Fig.  l8) .  No 
limiting  membrane  can  be  seen  in  these  areas.  These  platelets  demonstrate 
further  morphological  changes. 

The  cytoplasmic  matrix  of  a  platelet  located  near  the  leukocytes 
become  more  electron  opaque  tnan  the  control  group  (Figs.  16-19).  The 
alpha-granules  are  decreased  in  number  with  the  appearance  of  increased 
numbers  of  vesicles.  The  remaining  alpha-granules  occasionally  undergo 
changes  in  which  their  matrices  become  partially  electron  translucent 
(Fig.  14).  It  would  appear  as  if  the  matrix  is  in  the  process  of  dis¬ 
charging  its  contents.  The  very  dense  granules  are  also  decreased  in 
number.  The  cell  debris  intermingled  with  these  platelets  often  consists 
of  electron  opaque  granules  similar  to  the  alpha-granules  and  very  dense 
granules  (Figs.  11  and  lb).  These  changes  appear  to  be  more  prominent  in 
the  platelets  which  are  in  contact  with  the  lymphocytes  and  monocytes  than 
those  situated  at  the  periphery  of  the  cell  aggregates.  However,  there 
are  no  lysed  platelets  observed  in  our  preparations.  The  lymphocytes  and 
monocytes  appear  to  maintain  their  morphology  with  the  exception  of  an 
increased  number  of  microvilli.  Although  granulocytes  are  always  present 
in  the  vicinity  of  these  aggregates,  their  intermingling  with  platelets 
is  minimal. 

It  has  been  shown  by  several  investigators  that  a  suspension  of 
sensitized  leukocytes  and  platelets  of  rabbits  release  histamine  from 
the  plaetlets  when  antigen  is  added  to  the  suspension  of  these  cells. 
Sensitised  platelets  of  rabbits  alone  were  unable  to  release  histamine, 
even  in  the  presence  of  antigen.  On  the  other  hand,  the  activated  leu¬ 
kocytes  are  capable  of  causing  histamine  release  from  rabbit  platelets 
in  the  presence  or  absence  of  antigen.  These  findings  indicated  that 
activated  leukocytes  in  some  way  interact  with  the  rabbit  platelets 
causing  the  release  of  histamine  irregardless  of  prior  activation.  The 
present  study  clearly  demonstrated  that  a  physical  interaction  occurs 
between  the  activated  rabbit  leukocytes  and  normal  rabbit  platelets. 

Of  particular  interest  is  the  formation  of  platelet  pseudopods  and  the 
insertion  of  these  pseudopods  into  the  leukocyte  cytoplasm  with  the 
concomitant  decrease  in  number  of  platelet  granular  inclusions. 


Fig .  13—  Higher  magnification  photopraph  of  platelet  (from  Group  2)  with  an  extended 
long  pseudopod  (arrow).  Platelet  has  many  vesicles  and  vacuoles  with  two  «■  granules  (4G) 
and  a  very  dense  granule  (DG)  (x  46,000). 

Fig  •  lU— Platelet  with  a  vacuole  (arrow)  partially  filled  with  electron  opaque  material,  the 
density  of  which  is  similar  to  that  of  the  «  granule  (from  group  3)  (x  42.000). 

Fig.  ^*5— Globule  (arrow)  similar  to  n  granule  is  observed  outside  platelet  ffrom  group  2) 
(X  60,000). 
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Ig.lu. Another  example  (group  2)  of  physical  interaction  between  pseudopods  of  platelets 
(P)  and  lymphocytic  cytoplasm  (L)  Tips  of  platelet  pseudopods  insert  into  cytoplasm  of 
lymphocyte  (arrow)  Cytoplasm  of  both  cell*  merge,  and  that  of  platelet  appears  to  vacuo¬ 
late  {V)  (x  55,000). 

ig .  i[(—  Preparation  consisted  of  platelets,  activated  leukocytes  and  antigen  (group  4). 
Platelet  f P)  with  two  extended  pseudopods  is  in  direct  contact  (arrow)  with  cytoplasm  of 
lymphocyte  ( L ).  Cytoplasmic  organelles  are  absent  within  platelet  (x  50,000). 
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Fig,  lb  , — higher  magnification  micrograph  demonstrating  physical  interaction  between 
platelet  (P)  and  small  lymphocyte  (L)  (from  group  4).  Pseudopod  tip  of  platelet  inserts 
into  the  lymphocytic  cytoplasm  (arrow).  Plasma  membrane  of  both  cells  is  not  apparent 
at  junction  (x  71,000). 


Fig.  19  , — Another  example  of  interaction  (arrow)  of  platelet  (P)  pseudopods  and  lympho¬ 
cyte  ( L )  (from  group  3)  (X  52,000). 
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Although  the  fine  structure  of  the  rabbit  platelets  under  various 
experimental  conditions  has  been  described  by  many  workers,  the  formation 
of  pseudopods  by  the  platelets  during  antigenic  reaction  has  not  been 
reported.  Pseudopod  formation  and  its  insertion  into  leukocytes  indi¬ 
cates  that  cytotaxis  of  the  platelets  toward  the  activated  leukocytes 
occurs  in  the  presence  of  antigen.  The  factors  controlling  the  cyto¬ 
taxis  of  the  platelets  is  not  obvious. 

The  close  physical  interaction  between  the  sensitized  leukocytes 
and  the  platelets  noted  in  this  study  is  not  entirely  in  agreement  with 
the  findings  of  Henson.  He  rarely  observed  an  interplay  between  the 
sensitized  leukocytes  and  the  platelets,  when  he  studied  preparations 
of  rabbit  cells  which  had  been  sensitized  to  bovine  serum  albumin  and 
horse  spleen  ferritin.  Since  he  did  not  regularly  discern  the  associa¬ 
tion  of  the  leukocytes  and  the  platelets,  he  suggested  that  this  contact 
was  not  necessary  for  the  release  of  platelet  histamine.  Instead,  he 
obtained  a  soluble  factor  from  the  reaction  of  platelets,  antigen  and 
sensitized  leukocytes  which  he  found  caused  histamine  release.  Although 
Barbaro  and  Schoenbechler  were  unable  to  obtain  evidence  for  the  produc¬ 
tion  of  a  soluble  factor,  they  have  not  ruled  out  the  possibility  of  its 
existence.  It  is  possible  that  both  physical  interaction  of  the  plate¬ 
lets  and  sensitized  leukocytes  and  a  soluble  factor  from  these  leukocytes 
may  be  involved  in  the  release  of  histamine. 

Release  of  the  platelet  constituents  under  various  conditions  has 
been  described.  Virus,  bacteria,  antigen-antibody  complexes  and  non- 
i iological  particles  coated  with  gamma-globulin  are  reported  to  cause 
r  lease  of  platelet  contents.  Similarly  the  release  of  cytoplasmic 
organelles  of  platelets  after  interaction  with  sensitized  leukocytes 
were  reported  by  Henson,  and  are  likewise  presently  observed.  I-'ackh.'* 
et  al.  reported  that  the  mechanism  by  which  platelets  lose  their  con¬ 
stituents  involved  the  formation  of  holes  in  the  platelet  membrre:  ■. 

They  demonstrated  lysed  platelets  by  electron  microscopy.  Thou.rn  w-  di, 
not  observe  lysed  platelets,  the  loss  of  the  plasma  membrane  al  the  tig 
of  the  pseudopods  of  the  platelets  after  its  insertion  into  th^  leuco¬ 
cyte  cytoplasm  may  be  the  site  from  which  platelet  components  leak  out. 

Although  serotonin  has  been  shown  to  be  localized  in  the  'Very 
dense"  granules,  a  specific  organelle  site  for  the  storage  of  hista¬ 
mine  has  not  conclusively  been  established  for  the  rabbit  platelets. 
DePrada  and  his  co-workers  fractionated  rabbit  platelets  and  separ¬ 
ated  the  organelles  by  differential  centrifugation.  By  this  method 
they  found  high  histamine  activity  in  the  layer  which  is  predominantely 
composed  of  the  "very  dense"  rranules  and  vesicles.  Thus,  they  sug¬ 
gested  that  the  histamine  is  present  either  in  the  very  dense  granules 
in  association  with  serotonin  or  in  the  vesicles.  On  the  other  hand 
since  the  morphology  of  the  rabbit  platelets,  which  is  unique  in  that 
they  contain  largo  amounts  of  histamine,  is  not  radically  different 
from  those  animals  which  contain  small  amounts  of  histamine,  it  is 


difficult  to  reLegate  hLsIamiri'*  to  any  parti  •*  i  i  «  r,  an*  .  The 


decreased  number  of  grammar  iwiu: 
vesicles  seen  iri  this  study  may  inf 
conditions  the  pJatoiet  re  Leas*:.  ol. 
enzyrm  s,  coagulation  factor  ;  'foU 
and  serotonin  which  i.  jofat*  u  in  i! 
creased  number  of  empty  vesicles  ol  . 
some  of  these  may  have  orij  inate t  { 
granules,  the  matrices  of  which  hav 
ported  by  the  observation  that  fro* 
to  alpha-granules  and  very  dense  pr 
the  platelets. 

The  cell  types  which  directly 
release  have  been  dispute.; .  Henson 
cells.,  possibly  monocytes,  ar**  inv* 
the  pit,  to  lets,  while  echconber}  1.  r 
lymphocytes  js  1  djrr.iird  by  liph* 
release.  In  the  present  *M.ec1.ruii  v 
cy  tes  ana  monocytes  are  cl  rat  3y  a:  ; 
the  .  uspenriun  eontnining  plats*!  I. 
out  monocytes  showed  physical  ini*  r 
possibility  of  interaction  l  f*"en 
to  hi  t ami  no  release. 

The  interaction  between  normal 
rabbit  leukocytes  activates  with  an 
copy  in  an  attempt  to  elueidal*  the 
platelets . 

In  the  suspension  of  slats  lets 
tivated  with  antigen  (cont.ro  ),  ihf- 
them.  Combination,  of  the  plat 
with  antigen  demons traten  remamutbi 
phologieal  relationship.  Many  ;u  tv 
lymphocytes  arid  occasional  monocyt* 
irregular  in  shape  with  pseudosod: 
and  monocytes.  Often  the  pseud  pod 
leukocytes  and  ttr*lr  lips  arc  oMen 
these  sells  forming  an  anas.tum e  :i  i: . 
uo fated  and  lust'  some  of  Ineir  nan 

These  findings  indicate  tfM  4 
platelets  and  activated  leuku  yt* .  . 
an  important  rale  rov  release  of  hi 
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23.  (U)  The  technical  objective  of  the  work  unit  is  to  define,  categorize  and  evaluate 
enzyme  methodologies  as  applied  to  centrifugal  chemistry. 

24.  (U)  Utilizing  a  centrifugal  chemistry  unit,  develop  methodologies  and  apply  the 
standardized  methodologies  to  enzyme  levels  in  physiological  fluids. 

25.  (U)  70  11  -  71  06  The  centrifugal  chemistry  unit  has  been  leased  and  placed  in 
operation.  A  number  of  enzymatic  procedures  have  been  applied  to  the  system.  Notable 
among  these  are  lactic  acid  dehydrogenase  (LDH),  serum  glutamic  oxaloacetic  transaminase 
(SCOT)  and  glucose-6-phosphate  dehydrogenase  (G-6-PD) .  Results  show  that  enzymes  such 
as  LDH  and  SCOT  have  a  low  temperature  dependence.  This  allows  for  reliable  measurement 
without  controlling  temperature  on  the  rotor.  Enzymes  like  G-6-PD,  MHb  reductase, 
glutathione  reductase  and  pyruvic  kinase  require  strict  temperature  control.  The  rotor 
on  the  test  unit  has  been  jacketed  and  controlled  with  a  precision  temperature  control 
unit.  An  Information  output  unit  in  terms  of  optical  density  per  unit  time  has  been 
completed.  For  technical  report,  see  Walter  Reed  Army  Institute  of  Research  Annual 
Progress  Report,  1  Jul  70-30  Jun  71. 
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Project  3A061 1 01 A9I C  lN-HOUSt  1  AliOKA  I  UR  Y  iNi>!l'i  ■hi. 


.1  AHi  II 


Task  00,  In-House  Laboratory  Independent  n 

Work  Unit  012,  Enzyme  activity  measurements  l.v  <  «_nt>  iiu|.jl  < hem  is  try 

Investigators. 

Principal:  LTC  Charles  K.  Angel,  M5C 

Associate:  LTC  Douglas  J.  Beach,  MSI,  Lit.  ling-Kai  Li,  Ml; 

MAJ  Lawrence  Lumeng,  MC,  MAJ  duim.  I'.,  Puw  I!,  MC. 


DESCRIPTION. 

The  technical  objective  of  this  work  unit  is  to  define,  categorize 
and  evaluate  enzyme  methodologies  as  applied  to  centrifugal  chemistry. 

PROGRESS. 

The  concept  that  centrifugal  force  can  he  employed  to  mix  and  trans¬ 
fer  reagents  in  cuvettes  and  to  measure,  simultaneously,  the  sequential 
reaction  of  multiple  samples  represents  the  first  new  departure  in  auto¬ 
matic  chemical  analysis  in  the  past  15  years.  A  prototype  instrument, 
called  the  GeMSAEC  Fast  Analyzer,  was  built  by  Dr.  Norman  Anderson  at 
the  Oak  Ridge  National  Laboratory  in  1969,  and  it.  was  the  general  im¬ 
pression  that  such  an  instrument  can  be  readily  developed  for  routine 
clinical  use.  The  obvious  advantages  are:  1)  micro  samples,  2)  simul¬ 
taneous  measurement  of  multiple  samples  for  volume  work  or  profiling, 

3)  multi  pie- point  rate  measurements,  4)  automatic  blank  correction, 

5)  automatic  operation  with  a  minimum  ol  technical  training,  6)  computer 
compatibility,  7)  small  size  and  mobility. 

To  date,  three  commercial  companies  arc  Utiiliinuj  iWMbAlt  instruments, 
and  much  progress  has  been  nidJe  toward  * *- 1 1  a-  1. 1 t *  ,  and  auto¬ 

matic  system.  The  Division  of  isi -chea.i  ti  /  i a *>«.••«  tin  Mich  instru¬ 
ment  with  the  specific  mission  of  furihei  v»* l « |iu<j  ihe  instrumentation 
and  methodologies  such  that  the  centrifugal  .  n<- -it  i  fry  -.ydem  can  lie 
reliably  utilized  in  the  diverse  Vmy  mediial  !al>.  mUiry  environments. 

The  following  goals  have  thus  far  been  .iti.tiue.i:  'i  i  lie  precision  of 
the  instrument  has  been  improved  to  i  0.0s  ibs.ii  bam  o  units  by  the  use 
of  a  time  averaging  device,  2)  proper  mixii",  "f  samples  after  trans¬ 
fer  of  reagent,  and  serum  into  the  cuvette  :> ■■  na-ans  m  ,\  \<uiium  pulse, 

3)  installation  of  UV  optics  to  allow  inea  .  n  tint 1  is  int  1  Un  near  ultra¬ 
violet  region,  4)  control  of  the  tempered  in  or  tii-*  iuvdte.  The  de¬ 
velopment  of  an  automatic  sampler  dilute r  und  reigtfil  dispenser  is  in 
progress . 

Methods  for  the  assay  of  glutose-ft*phyv,uui(.»;  dehydrogenase,  methemo- 
globin  reductase,  and  glutathione  reductase  were  developed.  Other  enzyme 
assays  found  compatible  with  the  instrument  ire  iec.tic  dehydrogenase, 
glutamic-oxacetic  transaminase  am  glutamii -p.»n  uvi  tran .ai.nnase. 


SUMMARY. 


Using  centrifugal  chemistry  techniques,  assays  for  G6PD,  MHb  reduct¬ 
ase  and  glutathione  reductase  have  been  developed.  The  experiments  are 
in  progress  to  incorporate  the  assays  fo'  other  enzymes. 
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Project  3A061 101A91C  IN-HOUSE  LABORATORY  INDEPENDENT  RESEARCH 

Task  00,  In-House  Laboratory  Independent  Research 

Work  Unit  013,  Biochemical  measurements  in  the  field  interfaced  with 
Mini -computers 


Investigators. 

Principal:  LTC  Charles  R.  Angel,  MSC 

Associate:  LTC  Douglas  J.  Beach,  MSC;  B.  G.  Bass,  M.S. 

DESCRIPTION. 

The  technical  objective  of  this  work  unit  is  to  develop  interface 
methods  for  utilizing  mini -computer's  with  biochemical  instrumentation 
systems  for  application  in  the  field  and  the  analytical  laboratory. 
Included  in  this  objective  is  the  modification  of  excess  DOD  surplus 
computers  for  use  as  instrument  controllers  and  the  development  of 
techniques  such  as  time  sharing  of  digital  computers  for  use  in  the 
clinical  laboratory. 

PROGRESS. 

A  total  of  nine  computers  have  been  obtained  from  DOD  surplus 
stores.  Three  of  these  computers  were  obtained  from  the  Frankford 
Arsenal  when  the  IDEEA  Project  (Information  Data  Exchange  Experimental 
Activities)  was  phased  out.  Six  of  the  computers  are  the  guidance  con¬ 
trol  devices  from  the  U.S.  Air  Force  Minuteman  ICBM  that  have  been  re¬ 
placed  by  newer  models  and  are  now  available  as  surplus. 

The  purpose  of  the  program  is  twofold:  (1)  develop  an  in-house  capa¬ 
bility  for  interfacing  small  general  purpose  digital  computers  to  medical 
research  laboratory  instrumentation,  and  (2)  demonstrate  applications  in 
the  research  laboratory  or  clinic  for  very  expensive  computers  that  have 
been  declared  obsolete  by  DOD  agencies. 

Efforts  have  been  directed  toward  adapting  the  M-18  FADAC  (Field 
Artillery  Digital  Automatic  Computer)  system  to  a  gas  chromatograph 
system.  The  FADAC  is  a  better  documented  system  than  the  Minuteman 
computer.  This  documentation  made  possible  a  potentially  greater  use¬ 
fulness  for  the  amount  of  effort  that  could  be  applied. 

During  the  past  year,  numerous  subroutines  have  been  written  and 
tested  on  the  FADAC.  These  routines  are  listed  below: 

Digital  clock  read  and  print 
Display  and  trace 
Resident  and  restore 
Relocation 

Memory  dump  and  punch  program  tape 
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OCTAL  to  ASCII  convert 

Teletype  output 

Data  coupler  output 

ACT  output 

ACT  input 

OPLE  generator 

Calculator  program 

Read/write  on  bulk  storage 

Bulk  storage  unit  error  interpreter 

Bulk  storage  read/write  interpreter 

Floating  point  add 

Floating  point  subtract 

Floating  point  multiply 

Floating  point  divide 

Floating  point  absolute  value 

Floating  point  normalize 

Floating  point  output  routine 

In  addition  to  the  above  subroutines,  a  number  of  other  software 
developments  are  in  progress.  An  interface  unit  has  been  designed  for 
coupling  the  gas  chromatograph  to  the  FADAC.  Hardware  fabrication  and 
checkout  is  in  progress.  Data  will  be  transmitted  via  intralaboratory 
telephone  links  from  the  instruments  to  the  FADAC.  This  approach  is 
believed  to  be  a  unique  combination  of  the  time-sharing  and  on-line 
techniques  that  are  now  being  exploited  successfully  in  commercial 
systems. 

The  D-17  computer  from  the  Minuteman  I  ICBM  guidance  system  has 
been  powered  and  an  interface  design  has  been  evaluated  for  coupling 
the  computer  to  a  Technicon  AutoAnalyzer  System.  The  actual  hardware 
fabrication  has  been  limited  to  procurement  of  bit  parts  at  the  present 
time.  A  considerable  amount  of  time  has  been  spent  in  defining  the 
system  requirements  fo  the  D-17  due  to  the  fact  that  documentation  for 
this  unit  has  been  limited. 

The  FADAC  is  to  be  evaluated  as  a  field  tested  medical  laboratory 
data  processor.  The  Minuteman  computer  is  to  be  evaluated  as  a  field 
instrument  controller. 

An  automated  gas  chromatograph  system  utilizing  a  Hewlett-Packard 
2116  mini -computer  as  the  instrument  controller  has  been  leased  for  use 
in  evaluating  small  laboratory  computers  in  an  analytical  laboratory. 
This  instrument  will  be  utilized  in  support  of  the  drug  and  antimalarial 
screening  and  research  mission  of  the  IWAIR. 

Extensive  utilization  has  been  made  of  various  time-shared  computer 
systems  for  the  processing  and  analysis  of  WRAIR  generated  data.  One 
system  is  the  6E-645  time  shared  computer  system  at  Rome  Air  Develop¬ 
ment  Center.  Another  is  the  local  commercial  GE  system  called  DIALCOM. 


A  third  system  is  the  6E  BASIC  I  computer  program  teaching  system  where 
individuals  learn  computer  programming  by  a  computer  assisted  teaching 
routine.  This  routine  has  been  used  for  two  WRAIR  sponsored  classes. 

A  total  of  90  physicians  and  laboratory  officers  have  participated  In 
the  exercises.  So  far  the  acceptance  of  this  technique  has  been  favor¬ 
able.  Future  use  of  this  technique  as  an  educational  device  will  be 
encouraged. 

SUMMARY. 

Extensive  efforts  have  been  made  in  the  acquisition  and  utilization 
of  DOD  surplus  computer  equipment  in  the  analytical  laboratory  and  the 
development  of  methods  of  using  on-line  or  time-shared  computers  In  the 
medical  laboratory.  These  computer  systems  have  been  used  In  analysis 
of  medical  research  data  and  the  training  of  medical  personnel  In  the 
programming  of  digital  computers. 

Walter  Reed  Research  Reactor  Dismantling  Project. 

Detailed  plans  and  procedures  have  been  completed  for  the  dis¬ 
mantling  of  the  Walter  Reed  Research  Reactor.  Meetings  have  been  held 
with  U.S.  Atomic  Energy  Commission  personnel,  Department  of  the  Army 
(ARCHS)  personnel  and  Department  of  Transportation  personnel  for  the 
purposes  of  reviewing  and  modifying  the  plans.  Arrangements  have  been 
made  for  the  return  of  the  nuclear  fuel  to  the  U.S.  Atomic  Energy 
Commission  for  reprocessing.  The  expected  project  completion  date  is 
1  October  1971. 
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Project  3A061101A91C,  IN-HOUSE  LABORATORY  INDEPENDENT  RESEARCH 

Task  00,  In-House  Laboratory  Independent  Research 

Work  Unit  015,  Treatment  of  pain  states  arising  from  peripheral  nerve 
injuries  by  transcutaneous  stimulation  techniques  (TST) 


Investigators . 

Principal:  CPT  0.  Richard  Jennings,  MSC 

Associate:  Howard  F.  Fields,  M.D.;  Norman  A.  Krasnegor,  Ph.D.; 

Harold  F.  Lawson,  B.S.;  CPT  William  C.  Orr,  MSC;  David  L. 
Winter,  M.D. 


Description. 

Causalgia,  a  state  of  local  hypersensitivity  causing  chronic  pain, 
is  associated  frequently  with  peripheral  nerve  injuries  inflicted  by 
high  velocity  missiles.  A  number  of  clinical  cases  suggested  that  cau¬ 
salgia  may  be  relieved  by  transcutaneous  stimulation  techniques  (TST). 
The  neurological,  physiological  and/  psychological  bases'  for  the 
analgesic  effect  of  the  low-level  electrical  TST  remain  unidentified. 
The  examination  of  these  mechanisms  and  the  development  of  an  optimum 
clinical  treatment  method  are  the  primary  goals  of  this  project. 

Progress. 

1 .  Clinical  testing 

A  field  team  of  neurological  specialists  tested  the  method  clini¬ 
cally  with  peripheral  nerve  injury  patients  at  Walter  Reed  General 
Hospital  and  at  Camp  Drake,  Japan.  At  both  sites,  low-level  electrical 
stimulation  of  nerves  innervating  the  hypersensitive  area  led  to  relief 
during  and  after  stimulation.  Relief  after  stimulation  varied  from 
minutes  to  two  or  three  hours.  Extensive  clinical  testing  had  been  en¬ 
visaged  at  Camp  Drake;  however,  a  recent  drop  In  casualty  rates  and 
changes  In  evacuation  policies  forced  a  change  In  this  plan. 

2.  Laboratory  verification  using  normal  volunteers 

Pain  is  not  only  a  physiological  condition  but  also  a  highly  sub¬ 
jective  psychological  experience.  Many  analgesic  methods  have  been 
discarded  after  Initial  enthusiasm  because  their  effect  was  found  to 
be  psychological  rather  than  physiological.  Laboratory  testing  of  the 
analgesic  effect  of  transcutaneous  stimulation  has  three  goals:  1) 
verify  that  the  method  has  a  physiological  as  opposed  to  psychological 
basis;  2)  develop  the  optimum  technique  for  clinical  use;  and  3)  under¬ 
stand  the  mode  of  action  of  the  transcutaneous  stimulation. 
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These  goals  are  being  pursued  ,>y  first  bringing  toe  pain  state 
under  experimental  control  using  ps  \ahophysiv  .1  I  techniques.  Normal 
volunteers  are  exposed  to  a  theniioi  pain  stimulus  (Hardy,  Wolff  & 

Goode  11 ,  1967)  and  are  t  rainei  Co  <i  .  urate ly  describt  different  levels 
of  pain.  (Care  has  been  taken  to  a  hi  eve  a  method  which  eliminates  the 
possibility  of  tissue,  damage  do.  to  trie  thermal  stimulus.)  The  volun¬ 
teers  are  then  stimulated  using  i-icoor  the  (rut*  transcutaneous  stimula¬ 
tion  technique  or  a  placeoo  ’■ectmiq.e.  I'ain  judgements  are  reassessed 
after  both  types  of  stimulation  fr  is  procedure  allows  an  objective 
assessment  of  any  analgesic  t.-ffoi  ts  of  1M. 

An  iriitiai  attempt  to  understaid  the  physiological  effect  of  TST 
has  been  made  by  monitoring  the  gal  anic  skin  response.  This  peripher¬ 
al  indicant  of  the  sympathetic  nervous  system  is  implicated  in  clinical 
causalgia.  Causalgia  patients  show  a  chronic  galvanic  skin  response, 
or  sweating,  in  the  affected  area.  Clinical  observations  suggest  that 
the  sweating  disappears  upon  apoiu  (.on  of  TST. 

Results  of  the  *irst  complete  t.nu>  ot  TST  i  ri  normal  volunteers 
have  not  yet  been  analyzed.  Hint  work  on  three  volunteers  (investiga¬ 
tors)  indicated  that  normal  persons  do  show  analgesia  in  response  to 
TST  and  do  show  an  inhibition  of  th<  galvanic  skin  respir  ,e.  The  pat¬ 
tern  of  these  results  and  others  1,  the  literature  suogested  the  via¬ 
bility  of  the  physiological  model  oi  pair  proposed  bp  Melzack  and  Wall 
(1965).  Such  findings  wi 1 i  provide  an  insight  into  the  psychological 
and  neurophysi ologi cal  mechanisms  associated  w-1  th  this  most  painful 
condition.  In  addition,  this  information  and  these  techniques  may 
provide  a  non-surgical  or  non-med i ci na ;  means  of  handling  other  forms 
of  intractable  pain . 


Project  3A061 101 A9 1 C  ,  IN-HOUSE  LABORATORY  INDEPENDENT  RESEARCH 

Task  00,  In-House  Laboratory  Independent  Research 

Work  Unit  015,  Treatment  of  pain  states  arising  from  peripheral  nerve 
injuries  by  transcutaneous  stimulation  techniques  (TST) 


Li  terature  Ci  Leri. 

References : 

1.  Hardy,  J.D.,  Wolff,  H.G.,  and  Goodell,  H.  Pain  sensations 
and  reactions.  New  York,  Hofner  Publishing  Co.,  1967. 

2.  Melzack,  R.,  and  Wall,  P.D.  Pain  mechanisms:  A  new  theory. 

Science,  1965,  150,  971-979 


«  ) 


RESEARCH  AMD  TECHNOLOGY  WORK  UNIT  SUMMARY 


70  07  01 


maro* r  comrnoL  irmmoL 

l>!>  DHhFtAHiti  f A 


l  top  *.  t  (It 

n*o 


,  '  I'M  ptm  *  bin  mi  tft  (  tmmiiit*  ***<*'  t  u*#*/ 

(U)  Transput  t  «> t  Essential  Metals  in  Siimii.tt  d  i i «■  1  og  i i  a  1  I*nv  i  funment  s  (31) 

'  S,  *«D  f  f  CMhUVOOIt  A«  111*1* 

U02J00  Bioc hem l sL  rv  012900  Physiology 


IK 

1 

r,  »»<«<.  »o*»*f*  . 

**»«  •  Waiter  Reed  Army  Institute  of  Researt  !» 

* 

liniversitv  it  Maryland 

Washington,  D.  C.  20012 

»on*iu 

College  Par  ,  Md.  20740 

PHIMC  IP* 

1  i«%(|tig*TOA  r •*  lift*  MU  |  Iiftltfili  |ftirl*M»PPJ 

pc  SPOPliBiC  i.oi vi Dual 

M  ft  Ml  * 

Uol 1  insun,  C.  L. 

«*■**  Buescher,  COL  K.  L. 

t.kphop*  202-576-3551 

til  rphomc  301-927-3800 

Foreign  Intelligence  Not  Considered 

;*MO<  lit 

P  PMf 

H  tftl 

Angel,  LTC  C.  K.  ^ 

(U)  Sequential  Dialysis;  (U)  Chromium;  (l!)  Iron;  (U)  Insulin;  (U)  Chelating  Agents 
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23.  (U)  To  perform  kinetic  studies  on  the  interaction  oi  irate  metals  with  biological 
species,  e.g.,  amino  acids  and  hormones,  wit  1  the  aim  of  defining  the  role  of  trace 
metals  in  biochemical  reactions. 

24.  (U)  Through  application  of  procedures  devised  by  the  investigator  for  the  use  of 
the  method  of  sequential  dialysis. 

25.  (U)  70  07  -  71  02  During  the  reporting  period  a  number  if  potential  ligands  have 
been  studied  for  Chromium  (III)  and  Iron  (II  I  >  -  Notablv  Iror  (III)  ligands  are  more 
rapid  in  reaction  rate  than  chromium.  Phospiate  ion  when  us< d  as  a  buffer  was  found 

to  be  reasonable  ligand  material  at  low  coni  entt  at  ion.  Tie  contract  has  been  tenninatec 
and  a  final  report  has  beer,  received.  F>  r  t  ;chnlcal  repo  t  see  Walter  Reed  Army 
Institute  of  Research  Annual  Progress  Report,  i  Jul  70-3C  Jun  71. 


^MviOUl  tO'TION*  ©  9  T  «!•  roKM  AUK  OilOi  I  T  I  no  Aoawa  *  V  •  a  1  n  O  V  M 
AND  1 4%K*  *  1  MAH  ft  iron  ARM  V  U«C  AAA  OtIQk  I  T  I 


Project  3A061 101A91C  I.N-HOUSE  LA3CRAT0RY  INDEPENDL'NT  RESEARCH 

Task  00,  In-House  Laboratory  Independent  Research 

Work  Unit  097,  Transport  of  essential  ta T s  in  simulated  biological 
env i ronments 


Investigators . 

Principal:  o.  L.  Rillinson,  Ph.D.  (University  of  Maryland) 

Associate:  LTC  (,.  R.  Angel,  MSC 

DESCRIPTION. 

The  purpose  of  this  contract,  is  to  perform  kinetic  studies  on  the 
interaction  of  trace  metals  with  biological  materials  such  as  amino 
acids  and  hormones  by  sequential  dialysis. 

PROGRESS . 

In  previous  studies  under  th:  contract,  many  biological  substances 
were  shown  to  be  effective  ligands  for  Cr  (III);  in  the  present  investi¬ 
gation,  histidine,  gluconate,  saccharate  ..  id  threonine  were  found  to 
have  great  coordinating  tendency.  The  PO4J-  ion  itself  is  quite  effect¬ 
ive  particularly  at  high  P04^_ :  C 1 ratios;  it  is  tentatively  concluded 
that  the  products  formed  in  P04^ -  buffered  ligand  solutions  are  mixed 
PO43-  ligand  complexes.  Sequential  dialysis  is  as  applicable  to  Fe  (III) 
as  to  Cr  (III),  and  probably  to  other  essential  metal  ions;  effective 
ligands  for  Fe  (III)  are  AOP,  pyrophosphate,  triphosphate,  citrate,  iso¬ 
citrate,  saccarate,  mesoxalate  ano  oxalate.  Some  comparison  of  membranes 
was  accomplished.  Silver  membranes  are  not  useful  because  even  the 
smallest  pore  diameter  available  (0.?  u)  is  too  large.  Membrane  filters 
are  satisfactory  but  expensive  anc  it  is  impossible  to  decontaminate 
them  sufficiently  to  permit  their  re-use.  Regenerated  cellulose  is  by 
far  the  most  satisfactory  membrane  but  some  lack  of  uniformity  was  ob¬ 
served  . 

SUMMARY. 

A  number  of  potential  ligands  have  been  studied  for  chromium  (III) 
and  iron  (III).  Notably  Fe  (111)  ligands  are  more  rapid  in  reaction 
than  chromium.  Phosphate  ion  wher  used  as  a  buffer  was  found  to  be 
reasonable  ligand  material  at  low  concentrations. 

This  contract  was  tc  mated  u.  31  August  19/0. 


T>  \ 


M-‘:.  .'Jl  . 


RESEARCH  AHD  TfCHHOLOCY  WORK  UNIT  SUMMARY 

_ _ _ J  [V;  id'  j  j 

I  OaI  f  mh*  V  |«  mino  or  iummam  >  i  tjMMtrr  Hi-  U  hc.,*ii/  Aig<ii)iN  r  i  |«bi 

70  0/  01 _ i  U.  Unirjt* _ J _ j _ • _ _ IjA _ _  J  ..i  _ 

10  NO  rOOtV*  PNOGN.M  t «.  f  Nl  ►.  1  PHOjfi  t  s,jhOI  N  >n  Of*  i<  Pbr"  J  *  l 

TZZ7;  TbUPfA" . ~riA06Tl01A‘J'iC~  j  00*  \>-j  > 

. .......  j  627030  ;;arpO“)  om  9M10  *.  . 

i  .  om  hi«li  •  im  q  j  I 

,,  ~  O...N c,..T,r,Z^T-N>  hTrW'ier  rjt’iKlTe  ~T7T  TiTo  tii/.n'.!- 

Irradiation  as  Indicated  by  CN'j  Nougiti  ari-,ni  .Liii 


-•«  6  2  70  3D 


TIM.*  ptiim  J»  wliA  farurlfr  C  >*•  tll'i*  f  •*». 


I  l<  '*  N  ■»  IF  If  AMU  TICMMOLOt*l‘  «i  AM*A»* 


nn  ,fl,“  i  Aon  pmvioui  tr 

AND  l 


0129QU  Physiology.  016 JuO  btpess  i h)siuluuy .  (1400  U  liu  jii^  iu.<  . 

II  »TAAT0AT(  CT  ttTIHATfO  <“OWWl  f  »IOM  0*1^  17*  W  .IM  O'  M  0  A  Qt  ta  r  y  Ti  r||  #n  MN  AMCC  Ml  T  H 

■SOfc. _ J St21lL _  _  J i  1  i'L'  i  (■,  iiult ait 

I?  f'ON  I  MAC.  t  GNAM  T 

■  A  M«  |Ol)M,  f  t  ■  ft  1  IM  *  A  .*  A,  lltlllMt  IIAl.  \  At  t»  f  UH  0 

*  i»*  ict/c  »ret  livt  ]  Q  Q£j  t  m  mima  i  io  m  J  ]  Q»}  '•WirfcrtTi.l 

MADA  17-69  (  9144  »«*»*.  /i  c  * 

'•’■m  s  ct  r/,t]u  m.»  i ■»■»»■»«* 

4.  A  INt)  or  AW  AMU  txt  I.  C  UW.  AM  I  6/  ,  i  /‘)  /  /  (  ‘ , 

'•  Nt  IWOAIIMU  e  OOO  OMO  AMI  I  A  TlOM  tO  *CArc.  AMtt/V,  OmV*M "  t  A  » IO»”  _  —  .y  •  —  ~ 

Walter  Heed  A-iny  institute  of  Reseed.  ,|,L.  jUf,tr.  dniversity 


*M,‘  i(il*  ]uf,.r  iufdi((J  iJh  i  vei  s  I  ty 

School  of  Medicine 
N.  tulie  Street 
Pal  tii»i(ire ,  Md.  21205 

WMlMCtMAI  MvlUlbAlOA  >-«  »A  U  a  t  <»  1/  *  a<>»»  l».il.al|w 

hinder  ,  bo  1  union  li.  ,  M  0 
’•  30 1  -966  31)20 

to  .At  aiunii  AicouNi  n«>m*ch 

A  HOC  .AT*  iN.tl  l  IGA  IDWI 

"M,<  Sharp  t  Joseph  C.  ,  Pf  ,b. 


,  .  iii — — — j-  rr-T j.  - 1 - MJtum  unu  -  i- 

A«  MTcrowave  hazard,,  (II)  Nonionizing  Radiation  Hazards, 

(U)  Behavioral  Effects;  (U)  Nearochemical  Sys terras ;  (L)  Mi ] iUJ*  MediUne  .. .  _ 

II  TKCHNICAl  OStICT  Vt  *  |A  AWWMOACM.  IIAMOGMCAU  ruMiNA  «MI  *  Am!  w>«fr«»r«  mtUM  •»  matoi  rm.A  it«(  •#  M«A  <ri»  |.  roiff  c?!***  *A.  .  ll«i  CaWa  | 

23.  (U1  To  investigate  the  nature  and  extent  of  hazards  to  the  central  nervous 
system  (CNS)  and  its  function  due  to  microwave  and  radio  frequency  emanations  from 
military  devices  and  equipment  such  au  radar  and  coinmunir  at  ions  qc\n\ 

24.  (U)  Chemical  determination  of  changes  ir  CNS  i  *v(>h  a  >d  fti.-i^rr  or 

important  neurotransmi tters  involved  in  then?  iregulamn.  as  well  ,n  of  con¬ 

sciousness  and  behavioral  excitation.  Those  h-ansn.i tter*  are  serotonii  (6-hydroxy- 
tryptamine)  and  norepinephrine. 

25.  (U)  70  O';  -  71  06  Previous  studies,  have  shown  that  ^  niiu.dn  turuuver 
depressed  by  hronic  microwave  irradiation  and  by  chronic  heat  stress  txt^nsion  o^ 
these  studies  suggests  that  chronic  irradiation  With  low  «c.veis  (10  milliwatts  per 
square  centimeter)  may  have  a  significant  themial  comounmt  ail  that  drowsiness  and 
related  central  effects  reported  in  man  may  t.>  related  tr  ctre^U  u.  b  r'l  meiabolism. 

For  technical  report  see  Walter  Reed  Army  Institute  if  Re  ;ar*n  Annual  t,  jn-ss  Report, 

1  Jul  70  30  Jun  71 . 
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Task  00,  IN-HOUSE  LABORATORY  INDEPENDENT  RESEARCH 

'■•'ork  Unit  099,  Further  Studies  on  the  Hazards  of 
Microwave  Irradiation  as  Indicated  by  CNS  Neurotransmitters 

Investigators. 

Principal:  Solomon  II.  Snyder,  M.D. 

Associate:  Joseph  C.  Sharp,  Ph.D.;MAJ  J.L.  Meyerhoff,  MC 

The  objective  of  this  research  is  to  investigate  the  nature 
and  extent  of  hazards  to  the  central  nervous  system  (CNS) 
and  its  function  due  to  insult  by  microwave  and  radio- 
frequency  energy.  The  effects  will  be  assayed  by  chemical 
determinations  of  changes  in  CNS  levels  and  turnover  rates 
of  important  neurotransmitters  involved  in  thermoregulation 
as  well  as  levels  of  consc i ousness  and  behavioral  excita¬ 
tion,  i.e.,  serotonin  (. 5-hydroxyt ryptemine)  and  norepineph- 
erine.  E.arlier  studies  have  shown  that  serotonin  turnover 
is  depressed  by  chronic  microwave  irradiation  and  by  chronic 
heat  stress.  Extension  of  these  studies  suggests  that 
chronic  irradiation  with  low  levels  (10  milliwatts  per 
square  centimeter)  may  have  a  significant  thermal  component 
and  that  drowsiness  and  related  central  effects  reported 
in  man  may  be  related  to  effects  of  5-HT  metabolism.  The 
final  report  on  this  work  will  be  published  during  the  last 
half  of  CY  1971. 
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U)  Nuclear  Transplantation;  (U)  Enucleated  Cytoplasm;  (L)  Cytochalasins ;  (U)Sendai  Viru 

1.  TECHNICAL  OBJECTIVE*  14  ANFROACN,  IL  FFOIFBII  rFv«**«A  »«*R >IAa/  f—  ■»■>*»  IR».nl*.F  »r  hinIn  Mai  M  mM  ■**  MfwIN  CiMtllttilai  C«*  J 

23.  (U)  To  extend  preliminary  studies  on  nuclear  transplantation  of  mammalian  cells  and 
to  apply  the  technique  to  immunologic  and  oth' r  studies. 

2b.  (U)  Through  a  general  methodology  which  ir  preliminary  evaluations  has  been  shown  \o 
be  feasible;  consists  of  separation  of  nucleus  ani  cytoplasm  by  cytochalasi n9 , 
followed  by  fusion  of  nucleus  and  cytoplasm. wi  th  Sendai  virus. 

25.  (U)  TO  07  -  71  06  The  feasibility  of  the  nuclear  transplant  technique  was  success¬ 
fully  demonstrated.  In  addition,  the  investigator  confirm?!  that  the  drug  cytochalasln 
B  ( CB )  inhibits  cytokinesis  while  allowing  karyokinesis  to  proceed.  CB  acts  during 
metaphase  or  later  and  has  little  effect  on  growth  of  celLs.  These  results  are 
assumed  to  be  the  result  of  a  functional  failure  of  membrane  fusion.  CB ’ s  inhibition 
of  cleavage  in  the  Xenopus  laevi9  egg  ha.s  Lem  defined  temporally  and  histologically. 
Phagocytosis  and  pinocytosis  were  inhabited  h)  CB.  For  technical  report  see  Walter 
Reed  A r  '  Institute  of  Research  AnnuM  nrogre.s  Report,  1  Jul  7^-30  Jun  71. 
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Project  3AO6.IIOIA9IC  IN-HOUSE  LABORATORY  INDEPENDENT  RESEARCH 
Task  00,  In-House  Laboratory  Independent  Research 
Work  Unit  100,  Nuclear-cytoplasmic  transplantation 
Investigators. 

Principal:  Richard  D.  Estenser.,  M.D. 

Associate:  Howard  E.  Noyes,  Pb.D. 


Preliminary  work  at  WKAIR  confirmed  observations  by  Carter  (1967) 
that  the  drug  cytochalasin  B  (CB)  had  two  dramatic  effects.  First,  at 
d^ses  of  i  ug/ml  in  cultures  of  mouse  fibroblasts  (L-cells)  the  drug 
stopped  cytoplasmic  division  (cytokinesis)  while  allowing  nuclear 
division  (karyakinesis)  tp  proceed.  Second,  at  doses  of  10  ug/ml  a  sig¬ 
nificant  number  of  cells  were  enucleated,  leaving  nuclei  surrounded  by 
plasma  membrane  and  intact  cytopd asm  in  a  culture.  The  latter  observa¬ 
tion  served  as  a  basis  for  the  suggestion  that  nuclear  transfer  or 
exchange  might  be  accomplished  through  the  use  of  Sendai  virus  cell 
fusion  (Okada,  19^2).  Investigations  since  the  beginning  of  the  contract 
in  August  19^9  have  been  directed  toward  determining  the  feasibility  of 
this  methodology.  Three  areas  have  been  studied,  l)  the  mechanism  of 
cytokinesis  through  the  use  of  Low  doses  of  CB;  2)  nuclear  transfer 
through  the  use  of  CB  in  high  doses;  and  3)  effect  of  CB  on  human  poly¬ 
morphonuclear  leukocyte  phagocyte  sis. 

1.  Mechanism  of  cytokinesis  —  Two  experimental  systems  have  been 
used  to  study  low  dose  (1  ug/mT)  effects  of  CB:  (l)  N1S1-67  (Novikoff 
rat  Hepatoma)  cells;  and  (2)  Xenopus  laevis  embryos.  Experiments  on 
N1S1-67  cells  in  culture  have  shewn  that  the  drug  prevented  cytoplasmic 
division  (cytokinesis)  while  allowing  nuclear  division  to  proceed. 

NlSl-67  cells  exposed  to  2.1  X  1C“^  M  did  not  undergo  cytoplasmic  division, 
but  cell  volume  and  number  of  nuclei  per  cell  increased  at  rates  compar¬ 
able  to  those  of  controls.  Isotope  studies  suggested  that  the  increases 
represented  true  nuclear  and  cytoplasmic  growth.  These  results  suggest 
that  inhibition  of  macrcmolecular  synthesis  does  not  account  for  the 
action  of  CB  and  that  inhibition  of  membrane  fusion  is  a  possible  mode 

of  action.  Work  on  Xenopus  laevis  showed  that  fertilized  eggs  failed  to 
complete  cleavage  although  nuclear  division  and  furrowing  occurred 
normally.  The  effects  of  varied  lose  levels  and  changes  in  timing  of 
exposure  to  CB  indicated  that  a  tool  of  substance(s)  needed  for' sub¬ 
sequent  cleavages  becomes  available  for  CB  action  Just  before  first 
cleavage , 

2.  Nucleo-cy toflasaic  trans  fer  —  The  concept  of  fusion  of  cyto¬ 
plasm  and  free  nuclei  treated  with  CB  needed  several  exploratory  steps. 
First,  a  plasma  membrane  was  necessary  for  fusion  to  take  place.  Ultra- 
structural  studies  demonstrated  the  presence  of  a  plasma  membrane  surround¬ 
ing  the  extruded  nucleus.  Forth*  r,  eeHs  treated  with  CB  could  be  fused 


with  Sendai  virus.  It  was  possible  to  enucleate  celis  and  to  fuse 
enucleated  cytoplasm  to  chicken  red  cells.  The  resultant  hybrids 
showed  incorporation  of  RNA  precursors  indicating  that  the  cytoplasms 
were  capable  of  supporting  a  transplanted  nucleus.  However,  the  final 
step  remains  to  be  accomplished,  i.  e.,  the  transfer  of  enucleated  nuclei 
from  one  cytoplasm  to  another.  The  technique  offers  exciting  possibili¬ 
ties  of  study  of  nucleo-cytoplasmic  interactions  as  well  as  possible 
therapeutic  applications,  e.  g.  ,  restoring  lo ss  of  enzyme  or  other  activi¬ 
ty  in  patients  by  transplanting  competent  nuclei  into  their  own  cytoplasms 

3.  Inhibition  of  human  polymorphonuclear  leukocyte  phagocytosis 
Phagocyt ic  mixtures  containing  CB  at  a  concentration  of  10  ug/ml  showed 
little  phagocytic  activity.  Subsequent  experiments  indicated  that  CB 
affected  leukocyte  phagocytosis  by . innibiting  bacterial  uptake.  CB  had 
no  effect  on  opsonization  of  bacteria.  The  effect  of  the  drug  was  rapid 
and  relatively  complete  and  reversible.  Cytochalasin  B  could  inhibit 
phagocytosis  by  one  of  three  mechanisms;  (l)  prevent  attacliment  of 
opsonized  bacteria  to  the  cell  surfacj,  (2)  prevent  movement  of  the  cell 
around  the  attached  bacterium,  or  (3)  prevent  fusion  of  membrane  surfaces 
after  the  membrane  has  moved  around  tne  adherent  bacterium.  Direct 
microscopic  examination  of  phagocyti z ing  BIN's  and  thin  sections  of 
similar  cells  suggested  that  bacteria  did  attach  normally  to  the  BIN 
surfaces.  Data  reported  did  not  distinguish  between  the  latter  two  pos¬ 
sibilities  . 
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(U)  Respiratory  Infection;  (U)  Stress,  (U)  Endocrine  Response.  (U)  hormones; 
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23.  (U)  Definition  and  evaluation  of  various  environmental  and  personal  factors  which 

contribute  to  physical  and  psychological  stress  experienced  by  military  personnel,  and 
determi nation  of  how  these  affect  the  overt  clinical  manifestations  of  naturally  ac¬ 
quired  infections.  When  factors  arc  defined,  efforts  to  modify  clinical  Manifestations 
by  modification  of  environment  or  human  response  to  it  are  made. 


[Pll  Redacted] 


24.  (U)  Endemic  overt  diseases  in  military  populations  are  identified  and  studied  for 

microbial  etiology  and  variation  in  clinical  manifestations.  Environment  in  which  they 
occur  is  defined.  These  findings  are  correl ated  wi th  immunological  susceptibility, 
physiological  responses  to  environment  and  its  stresses,  and  with  personality  types, 
and  social  backgrounds  of  patients.  Factors  suspected  of  influencing  disease  seventy 
are  evaluated  in  controlled  experiments. 


25.  (U)  70  07  -  71  06  All  hormonal  and  statistical  analyses  on  this  project  are  now 

complete.  Because  of  several  striking  pre-illness  hormonal  differences  in  the  sick 
and  control  groups,  it  is  felt  that  the  findings  of  this  study  merit  publication  and 
preparation  of  the  manuscript  is  still  in  progress.  For  technical  report  see  Walter 
Reed  Army  Institute  of  Research  Annual  Progress  Report,  1  Jul  70  -  30  Jun  71. 
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I  ask  00,  In-House  Laboratory  Independent  Research 

Work  Unit  1 1 3 ,  Effect  of  physiological  and  psychological  stress 
upon  infection  and  disease 


1  nvesti gators . 

Principal:  John  W.  Mason,  M.D,;  COL  Edward  L.  Buescher,  MC 

O^s  c  n  pt i on, 

Thi-  tudv  was  designed  to  explore  the  possibility  that  stress- 
related,  pre-illness  changes  in  hormonal  levels  may  play  a 
contributory  role  in  the  pathogenesis  of  acute  respiratory  infec¬ 
tions,  The  feasibility  of  the  study  was  suggested  by  the  high 
incidence  of  acute  adenovirus  infections  in  Army  recruits  during 
hn^ic  training  in  the  winter  months  at  Ft.  Dix,  New  Jersey, 
Furthermore,  the  great  majority  of  such  illnesses  usually  are 
clustered  during  the  third  and  fourth  week  of  basic  training. 

It  was,  therefore,  possible  to  study  a  population  in  which  a  very 
high  incidence  of  respiratory  illness  could  be  predicted  within 
i  designated  two -week  period. 


P  regress . 

All  hormonal  and  statistical  analyses  on  this  project  are  now 
comp let o . 

Summary  and  Conclusions. 


Because  of  several  striking  pre-illness  hormonal  differences  in 
th*  sick  and  control  groups,  it  is  felt  that  the  findings  of  this 
tudv  merit  publication  and  preparation  of  the  manuscript  is  now 
in  progress.  It  is  planned  that  work  related  to  this  project  in¬ 
volving  the  study  of  host  resistance  will  be  resumed  by  Dr,  Benjamin 
Nat*  1  son  who  will  be  arriving  in  July  1971. 
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continued  in  this  work  unit.  Atomic  absorption  spectrophotometry  was  divr]  ped  tor  tin 
measurement  of  7 n,  f  ,  Cd,  Cu,  As,  Ca  and  Mg  Specific  l^n  electrodes  w»r<  utillr» 

to  determine  ratios  i  zed  calcium  to  total  calcium.  Tin  development  and  utiliza¬ 
tion  of  ESR  for  deti  nd  Ident i f Icat I  on  of  drugs  of  abuse  began  and  progressed  t 

the  point  of  companion  with  gas  liquid  chromatography  (morphine).  I  In  t  r  uphor  i  t  ii 
eparation  of  lipoproteins  and  isoenzvmes  continued.  Automated  svsieifls  !  r »  asui  enwiit 
of  2,3-DPG,  G.-b-PD,  OH  proline  and  sialic  acid  were  assembled  and  .orpara t i ve  similes 
ompleted.  There  are  now  five  cart  mounted  AutoAnalvzer  systems.  A  *i*  ^  i  .  t  i  n  rethod 
for  tetrahydro  cannabinol  (THC)  was  established  on  the  gas  chronuit  'grupti-mass  spe-  t »  - 
neter  (GLC-MS)  .  Work  continued  on  GLC-MS  analysis  and  ident  i  f  ii  .it  ion  t!  drugs  i 
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Project  3A061 101A91 C  IN-HOUSE  LABORATORY  INDEPENDENT  RESEARCH 

Task  00,  In-House  Laboratory  Independent  Research 

Work  Unit  170,  Biochemical  methodology  and  laboratory  automation 

Investigators. 
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DESCRIPTION. 

The  purpose  of  this  project  is  to  evaluate  the  existing  techniques 
and  methods  for  accurate,  rapid  and  reproducible  determinations  of  chem¬ 
ical  compounds,  enzymes  and  other  body  constituents  which  are  of  clinical 
and  research  significance.  All  available  instruments  ,  tests  and  chemical 
reactions  are  employed.  Efforts  are  directed  toward  the  conversion  of 
these  assays  to  automated  systems.  Use  of  computer  programming  for 
rapid  and  efficient  dissemination  of  data  thus  obtained  is  included. 

PROGRESS. 

1 .  Micro-Analytical  Measurements  of  Trace  Minerals  using  Atomic 
Absorption  Techniques. 

The  use  of  atomic  absorption  techniques  for  the  trace  mineral 
analyses  in  biological  specimens  is  one  of  the  integral  parts  of  auto¬ 
mated  instrumental  analysis  of  clinical  chemistry.  This  in  turn  is 
intended  to  support  other  basic  and  applied  military  medical  research 
and  development  projects.  The  following  projects  were  carried  out 
to  this  end. 

a.  In  collaboration  with  LTC  E.  P.  Quarantillo,  Chief,  USAMRT, 
WRAIR  (Japan),  sixty  samples  consisting  of  serum,  red  blood  cells,  and 
tissues  were  analyzed  for  zinc  contents  by  atomic  absorption  techniques. 
The  samples  were  prepared  by  two  different  methods  of  comparative  pur¬ 
poses.  The  results  obtained  were  compatible  with  the  expected  values. 

b.  The  atomic  absorption  technique  was  applied  to  the  measure¬ 
ment  of  the  mercury  contents  of  urine  samples  obtained  from  clinics 


This  method  was  found  to  be  sensitive  and  accurate  at  the  0-10  nanogram 
level  and  the  results  were  reproducible  at  +5”  level. 

c.  Two  samples  of  1 yoph i 1 i zed  serum  containing  iron,  which  will 
be  employed  for  inter-laboratory  testing  by  the  World  Health  Organiza¬ 
tion,  were  compared  with  versatol  A  by  the  ctomic  absorption  method. 

The  results  were  in  full  agreement  with  the  expected  values,  thus 
facilitating  the  standardization  of  these  highly  valuable  samples. 

d.  The  application  of  atomic  absorption  techniques  to  the 
determination  of  cadmium,  copper  and  magnesium  are  being  investigated 
at  the  present  time. 

e.  A  specially  modified  electrode  (Orion  Model  99-20  serum  cal¬ 
cium  flow  through  system)  was  designed  to  meet  the  requirements  for 
accurate  determination  of  total  and  ionized  serum  calcium.  In  order  to 
apply  this  technique,  the  procedures  for  the  preparation  of  samples  w^re 
also  modified  to  ascertain  the  highest  level  of  accuracy,  reliability 
and  reproducibility. 

2 .  Consolidation  of  Clinical  Analyses  Services  Rendered  for  In- 
House  Research  Investigations. 

The  service  support  activities  of  clinical  chemistry  were  con¬ 
solidated  from  their  respective  locations  within  the  WRAIR  and  Ward  30 
into  one  large  activity  within  the  Division  of  Biochemistry.  This  con¬ 
solidation  of  support  and  developmental  activities  has  provided  closer 
control  of  production,  more  efficient  use  of  available  instrumentation, 
and  a  better  atmosphere  for  the  AutoAnalyzer  training  program  now  in 
effect.  The  establishment  of  a  policy  of  providing  instrumentation, 
training,  supervision  and  maintenance  of  equipment  for  any  automated 
analysis  requested  by  other  divisions  within  WRAIR  has  been  put  in 
operation  and  is  being  further  expanded.  The  requirement  that  all 
military  personnel  newly  assigned  to  the  division  undergo  a  period  of 
training  in  automated  analysis  has  generated  a  pool  of  personnel  capable 
of  maintaining  this  policy. 

Continuation  of  the  use  of  modular  analyzer  units  mounted  on 
carts  has  permitted  greater  flexibility  in  the  laboratory.  The  multi¬ 
channel  digitizer  for  peak  height  analysis  continues  to  provide  a  great 
deal  of  time  savings.  Modified,  high  rise  carts  are  in  use  and  provide 
more  efficient  use  of  laboratory  space  compared  to  the  larger  horizontal 
carts. 


An  inventory  of  Division  of  Biochemistry  AutoAnalyzer  equipment 
was  completed.  Equipment  requiring  repair  or  replacement  was  identified 
and  an  equipment  exchange  system  for  supporting  equipment,  loaned  out 
(i.e..  Ward  30)  is  now  in  effect.  Close  contact  has  been  maintained 
with  the  WRGH  Clinical  Chemistry  Unit.  It  is  anticipated  that  further 
close  cooperation  with  both  of  these  areas  will  result  in  more  coopera¬ 
tive  investigations. 


3.  Evaluation  of  Methods  for  the  Determination  of  Glucose. 


A  complete  evaluation  of  che  methods  available  for  the  determina¬ 
tion  of  glucose  was  carried  cut  in  order  to  incorporate  them  into  the 
general  scheme  of  automated  instrumental  analysis.  This  evaluation  in¬ 
cluded  studies  of  interference  of  such  compounds  as  uric  acid,  creatinine, 
lactic  acid,  fructose,  urea,  etc.,  in  glucose  determinations.  Results 
show  that  the  ortho-toluidine  and  glucose  oxidase  methods  most  accurate1/ 
measure  true  glucose  levels.  In  uremics,  the  glucose  oxidase  method  is 
the  only  valid  method.  Less  desirable  methods  are  ferricyanide  and  neo- 
cuproine  methods. 

4 .  Studies  on  Screening  Tests  for  Sickle  Cell  Hemoglobin. 

The  existing  test  for  Sickle  cell  hemoglobin,  i.e.,  the  "Solubil¬ 
ity  Test"  developed  by  Dr.  H.  Itano  of  N1H,  was  modified  in  order  to  make 
it  available  as  an  inexpensive  screening  test.  This  modified  method  was 
compared  with  Sickledex™  and  electrophoretic  analysis  and  found  to  be 
in  excellent  agreement.  In  addition,  a  microtiter  plate  test  method  was 
developed  and  found  to  be  highly  accurate.  These  methods  were  evaluated 
and  modified  in  o 'der  to  make  them  applicable  for  large  numbers  of  tests 
ip  the  military  Medical  program.  Proper  and  accurate  evaluation  of  inci¬ 
dences  of  this  disease  can  now  be  performed. 

5 .  Evaluation  of  Blood  2,3-Diphosphoglyceric  Acid  Determination 
Methods. 


Several  available  methods  and  the  one  developed  in  this  division 
are  presently  under  extensive  evaluation  for  incorporation  in  overall 
programs.  Preliminary  results  are  very  encouraging  and  it  is  anticipated 
that  a  method  for  the  determination  of  this  compound  will  be  integrated 
in  the  very  near  future. 

b.  Studies  on  the  Determination  of  Sialic  Acid  Contents  of  Vaccine 
Samples. 


Meninqo  a  I  vaccine,  developed  and  studied  extensively  by 
the  Department  of  Bacteriology,  DCD&I,  WRAIR,  contains  sialic  acid  poly¬ 
mer  as  a  presumed  active  component.  An  accurate  and  rapid  determination 
of  this  compound  thus  becomes  imperative  in  order  to  follow  the  various 
stages  of  purification  of  this  antigenic  component.  Extensive  evalua¬ 
tion  of  the  available  methods  was  carried  out.  The  selected  modified 
method  was  further  altered  and  is  now  successfully  adapted  for  analysis 
by  the  AutoAnalyzer .  It  is  hoped  that  this  effort  will  increase  the 
pace  of  research  on  meningococcal  vaccine  preparation. 

7.  Studies  on  Genetic  Diseases. 

"Maple  Syrup"  disease  is  a  genetic  abnormality  observed  in  new¬ 
born  infants.  The  genetic  defect  is  the  lack  of  enzyme(s)  for  the 


decarboxylation  of  branched  chain  amino  acids  (valine,  isoleucine  and 
leucine).  These  amino  acids  are  accumulated  in  the  blond  stream  to  a 
toxic  level  and  eventually  results  in  death.  Prompt  dc  ection  and  care¬ 
ful  dietary  planning  can  prevent  this  complication. 

In  collaboration  with  Dr.  Giacoia,  DeWitt  Army  Hospita.,  Fort 
Bel  voir,  a  complete  screening  system  has  been  set  up  to  identify  these 
amino  acids.  Quantitative  analyses  further  characterized  the  approach¬ 
ing  toxic  levels.  One  infant  under  the  care  of  Dr.  Giacoia  was  assisted 
by  this  system.  In  addition,  several  other  Army  installations  have  been 
using  this  test  system  on  a  routine  basis. 

8.  Multiple  Use  of  Commercial  and  Non-Commercial  T4  Resin  Columns. 

This  project  compares  the  practicality  in  cost  and  convenience 
of  reusing  different  pre-packed  and  laboratory-packed  thyroxine  determi¬ 
nation  resin  coluims.  Implicit  in  the  development  is  also  an  efficiency 
rating  of  the  kits  offered  under  normal  use. 

Due  to  the  undesirable  serum  constituents  left  on  the  column  after 
elution  of  T4  and  T3,  the  project  utilizes  an  in-column  regeneration  and 
a  stronger  follow  up  method  to  enable  cleansing  of  the  anion-exchange 
resin. 


Completed  development  will  demonstrate  to  any  thyroxine  testing 
laboratory  how  to  decrease  the  cost  of  each  determination  from  approxi¬ 
mately  $.91  to  approximately  $.08  each  and  will  also  allow  the  center  to 
"customize"  their  system  to  avoid  commercial  error  for  a  more  precise 
T4  value. 

9.  Modifications  and  Improvements  in  Automated  Clinical  Chemistry. 

Improvements  and  modifications  have  been  made  in  inulin,  para- 
amino  hippuric  acid,  micro  blood  urea  nitrogen  and  creatinine,  simultan¬ 
eous  glucose  and  lactic  acid  determinations  in  order  to  improve  the 
methods  and  increase  their  efficiency. 

The  following  table  shows  an  example  of  the  workload  carried 
out  under  this  program. 

In  addition,  approximately  110  complete  amino  acid  analyses 
were  carried  out  as  per  equivalents  for  various  on-going  research  pro¬ 
jects. 


It  should  be  emphasizedthat  these  and  other  analyses  were  per¬ 
formed  primarily  for  methodological  improvements,  research  and  clinical 
studies  and  not  for  routine  clinical  purposes.  The  improved  methods  are 
continually  made  available  for  routine  clinical  tests  to  various  labora¬ 
tories  and  clinics  in  the  Army  Medical  Department. 
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CLINICAL  ANALYSIS  WORKLOAD 


Test 

Number  Performed 

Inul  in 

4777 

Para-amino  hippuric  acid  (PAH) 

3944 

Blood  urea  nitrogen  (BUN) 

931 

Creatinine 

1076 

Hydroxyprol ine 

5168 

Glucose 

2197 

Lactic  acid 

2120 

Sodium  (Na) 

327 

Potassium  (K) 

327 

Ammonia  (NH3) 

667 

Triglycerides 

180 

Dapsone 

153 

Sialic  acid 

1600 

Chloride  (Cl) 

217 

Methemoglobin  reductase 

2786 

Hydroxyprol ine  (by  amino  acid  analyzer) 

1560 

28,030 

10.  Studies  on  Marihuana. 


In  conjunction  with  behavioral  studies  conducted  by  the  Division 
of  Neuropsychiatry  (Dr.  Elsmore)  on  monkeys  given  a9  tetrahydrocannabinol 
(THC),  urine  collected  from  these  animals  has  been  analyzed  for  unchanged 
drug  as  well  as  the  hydroxyl ated  metabolite  of  THC.  Ethyl  ether  extracts 
of  the  urines  have  been  chromatographed  by  thin  layer,  paper,  and  gas 
chromatography .  After  numerous  attempts  to  isolate  the  metabolite 
proved  unsuccessful,  a  group  of  urine  specimens  from  one  of  the  animals 
produced  consistent  indications  of  minute  amounts  of  unchanged  tetra¬ 
hydrocannabinol  which  is  presumed  to  be  the  a9  isomer.  Detection  of 
the  THC  was  accomplished  by  mass  spectrometry  in  the  combined  gas  chro¬ 
matograph-mass  spectrometer.  Before  any  definite  conclusions  can  be 
advanced,  efforts  are  being  directed  toward  confirmation  of  these  find¬ 
ings  in  the  urine  specimens  of  other  monkeys  that  received  similar  doses 
of  the  drug.  If  labeled  a  9  tetrahydrocannabinol  can  be  obtained,  quanti¬ 
fication  of  this  compound  in  the  monkey  urines  will  be  attempted  in 
order  to  determine  if  any  correlation  exists  with  the  behavioral  data. 

1 1 .  Laboratory  automation. 

With  the  acquisition  of  automated  gas  chromatography  equipment, 
the  development  of  an  automated  toxicology  laboratory  will  proceed  with 


particular  emphasis  on  rapid  determination  of  narcotics,  amphetamines, 
and  barbiturates  In  urine  specimens. 


Progress  to  date  has  been  mainly  In  the  area  of  sample  prepara¬ 
tion  where  a  reduction  In  the  volume  of  solvent  used  for  extractions  has 
reduced  the  analysis  time  without  decreasing  the  recoveries  of  the  drugs 
or  quantitative  accuracy  of  the  procedure.  The  smaller  solvent  volume 
is  a  significant  improvement  for  those  extracts  that  must  be  concentrated 
for  analysis  by  gas  chromatography  which  is  the  nucleus  of  the  automated 
system. 


With  the  reduced  solvent  volume  principle,  amphetamines  can  be 
re-extracted  without  an  evaporation  of  the  solvent,  and  the  determina¬ 
tion  can  be  completed  within  about  .5  minutes.  If  no  other  compounds  are 
required  to  be  analyzed,  amphetamine  analyses  could  be  performed  at  a 
rate  of  80  to  100  specimens  a  day.  With  proper  coordination  of  the 
system,  the  combined  amphetamine-narcotic  determination  will  be  made  at 
a  rate  of  40  to  50  specimens  in  an  8-hour  day.  As  a  definitive  analyti¬ 
cal  scheme  for  reference  purposes,  the  system  ought  to  be  able  to  serve 
as  a  back  up  for  a  screening  operation  capable  of  processing  several 
hundred  specimens  per  day. 

12.  Computer  Programs  for  Toxicological  Information  Retrieval. 

A  registry  of  human  toxicoloty  is  being  maintained  at  the  WRAIR 
Computer  Center  (Division  of  Biometrics)  for  the  purpose  of  providing 
information  on  drug  levels  in  various  organs  and  body  fluids  of  deceased 
individuals  suspected  of  drug  overdose.  Various  laboratories  including 
the  Army  Area  Medical  Laboratories  are  contributing  to  this  data  bank, 
and  the  information  is  available  to  these  laboratories  as  well  as  to 
pathologists  and  clinicians  who  must  evaluate  cases  of  drug  intoxication. 
This  program  and  the  existing  file  Is  a  result  of  efforts  by  this  labora¬ 
tory  to  promote  an  information  exchange  and  data  compilation  service  to 
rapidly  update  files  by  computerized  systems,  and  to  provide  toxicologi¬ 
cal  information  rapidly  when  requests  are  received.  These  efforts  are 
primarily  directed  toward  new  drugs  or  drugs  and  compounds  for  which  very 
little  Information  now  exists.  With  the  introduction  of  new  drugs  every 
year  by  the  pharmaceutical  Industry  and  the  use  of  certain  non-propriet¬ 
ary  drugs,  centralized  data  banks  are  the  most  effective  means  of  collect¬ 
ing  and  dispersing  this  vital  Information  to  those  chemists  and  physicians 
who  need  It. 

13.  Studies  on  Electrophoretic  Analysis  of  Serum  Lipoproteins. 

The  electrophoretic  method  for  the  fractionation  of  serum  lipo¬ 
proteins  was  further  developed  in  order  to  determine  a  larger  number  of 
samples  for  screening  purposes  and  to  provide  more  details  of  lipopro¬ 
teins  and  better  clarity  of  patterns  for  practical  aoplicatlons .  With 
the  present  method  8  samples  can  be  determined  simultaneously;  in 
addition  to  the  beta  and  alpha  lipoproteins,  one,  two  and  three  pre-beta 
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lipoproteins  can  be  demonstrated.  In  collaboration  with  the  Cardiology 
Service,  WRGH,  the  method  has  been  applied  in  studies  of  correlation  of 
serum  lipoproteins  with  clinical  (cardiovascular)  conditions. 

Lipid  abnormalities  have  been  associated  with  cardiovascular  di¬ 
sease  (CVD)  and  myocardial  infarction  (MI).  Therapeutic  measures  using 
diets  and  drugs  have  been  established  by  other  workers  and  are  utilized 
to  treat  and  prevent  CVD. 

Attempts  have  been  made  to  identify  the  lipid  abnormality  and 
study  the  mechanism  of  the  abnormal  process  in  order  to  provide  early 
diagnosis  and  proper  treatment  to  victims  of  the  disorder. 

Serum  lipoprotein  fractionation  has  accurately  classified  indi¬ 
viduals  into  specific  lipoprotein  types  (according  to  the  Fredrickson's 
classification).  Some  of  these  types  are  high  risk  candidates  for  MI; 
a  screening  program  could  identify  them  and  therapeutic  measures  could 
be  obtained. 

Some  information  has  been  obtained  by  studies  of  lipoprotein 
patterns  in  the  serum  of  50  patients  with  MI.  Two  pre-beta  lipoproteins 
have  been  found  in  these  patients.  This  finding  raised  the  question 
whether  they  are  the  result  of  MI  or  an  indicative  risk  factor  of  MI. 

Pre-beta  lipoproteins  are  formed  in  the  liver.  The  clear  demon¬ 
stration  of  several  pre-beta  bands  by  this  technique  allowed  the  study 
of  serum  lipoprotein  patterns  in  the  serum  of  patients  with  liver  disease. 
One  hundred  samples  were  analyzed  and  the  most  significant  findings  were 
as  follows:  absence  of  pre-beta  lipoprotein  in  cirrhosis,  disappearance 
of  pre-beta  lipoproteins  during  the  acute  phase  of  hepatitis  and  re¬ 
appearance  during  the  recovering  phase;  increased  amounts  of  the  beta- 
lipoprotein  in  primary  biliary  cirrhosis.  These  findings  could  be  used 
for  developing  simple  methods  for  differential  diagnosis  of  liver  disease 
and  hepatitis  in  particular. 

1 4 .  Assay  System  for  Detection  and  Identification  of  Narcotic  Meta¬ 
bolites  in  Biological  Fluids. 

Antibodies  are  made  to  an  antigenic  complex  of  the  drug  of  inter¬ 
est.  The  drug  is  spin-labeled  with  an  appropriate  nitroxide  spin  label. 
ESR  observation  of  the  spin  labeled  drug  -  antibody  complex  reveals 
strong  immobilization  of  the  label.  When  this  complex  is  exposed  to  body 
fluids  containing  the  drug  of  interest,  some  of  the  labeled  drug  is  re¬ 
leased  from  the  complex.  The  increase  in  signal  observed  is  proportional 
to  the  body  fluid  concentration  of  the  drug  of  interest. 

The  Free  Radical  Assay  Technique  (FRAT)  was  developed  by  SYVA 
Corporation,  Palo  Alto,  California.  Our  evaluation  is  continuing  and 
current  studies  indicate  a  considerable  variation  in  the  amount  of  spin- 
labeled  morphine  released  from  the  morphine-antibody  complex  upon 
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exposure  to  normal,  morphine-free  urine.  Other  drugs  such  as  Tigan  and 
Thorazine  may  influence  this  background  level. 

To  date,  only  commercial  spin  labeled  morphine  and  antimorphine 
antibody  have  been  tested.  We  are  developing  techniques  for  spin-label¬ 
ing  morphine  free  base  and  in  cooperation  with  Dr.  Donald  Catlin  of 
the  Division  of  Medicine,  WRAIR,  are  preparing  antimorphine  antibody. 

After  the  technique  has  been  developed  for  morphine  assay,  we 
will  extend  it  to  other  drug  classes.  Evaluation  of  the  commercially 
available  system  will  continue. 

15.  Role  of  Inorganic  Ions  in  the  Physiology  and  Biochemistry  of 
Man. 


During  this  year,  the  electrochemical  technique  of  the  measure¬ 
ment  of  serum  ionized  calcium  as  reported  last  year  was  further  developed 
and  a  reproducible  method  established.  The  means  of  sample  collection, 
the  effect  of  storage,  electrode  standardization  and  the  influence  of 
various  electrode  parameters  were  evaluated.  The  range  of  normal  values 
was  determined  using  sera  from  397  healthy  adult  volunteers.  A  value  of 
1.22  +  0.09  mM  (mean  +  2  S.D.)  was  obtained.  The  normal  value  for  total 
calcium,  as  measured  By  atomic  absorption  spectrophotometry,  was  deter¬ 
mined  concurrently  as  2.29  ♦  0.24  mM  (mean  +  2  S.D.). 

Using  this  method,  studies  of  the  variations  of  serum  ionized 
calcium  in  various  disease  states  and  therapeutic  situations  were  per¬ 
formed  in  collaboration  with  the  Division  of  Medicine.  It  was  found 
that  (1)  serum  ionized  calcium  represented  a  more  accurate  means  to 
diagnose  primary  hyperparathyroidism.  In  15  patients  admitted  to  the 
Endocrine-Metabolic  Ward,  WRGH,  for  evaluation  of  this  disease,  serum 
Ionized  calcium  values  ranged  from  1.40  -  1.98  mM,  well  outside  the  3 
S.D.  of  the  mean  value  for  normals.  In  contrast,  5  out  of  15  patients 
had  values  wqll  within  the  normal  range.  On  operation,  parathyroid 
adenomata  or  adenomatous  hyperplasia  were  Identified  in  all  15  patients. 
Thus  It  is  apparent  that  the  high  diagnostic  accuracy  of  the  method  pro¬ 
vides  an  important  clinical  diagnostic  tool  for  parathyroid  disorders, 
particularly  In  Instances  of  normocalcemlc  hyperparathyroidism. 

(2)  Immobilization  of  patients,  e.g.,  In  treatment  of  fractures, 
results  in  a  rise  of  serum  Ionized  calcium.  Ten  patients  have  been 
studied  by  sequential  measurements  of  ionized  and  total  serum  calcium 
values.  It  was  found  that  24  of  38  measurements  of  ionized  calcium  were 
abnormally  high  (outside  of  the  2  S.D.  of  the  normal  mean)  while  only  3 
of  38  total  calcium  values  were  abnormal.  To  better  define  the  chronol¬ 
ogy  and  physiology  of  the  serum  Ionized  calcium  rise,  8  normal  male 
volunteers  have  been  studied  in  detail  under  controlled  conditions  of 
intake  and  output.  Immobilization  produced  a  rise  in  serum  calcium  by 
the  fourth  day  of  bedrest.  In  marked  contrast,  total  serum  calcium  was 


71 


normal  although  urinary  calcium  excretion  was  greatly  increased.  Thus 
serum  ionized  calcium  more  clearly  reflects  the  alteration  in  calcium 
metabolism  associated  with  inrot  ilization,  and  should  he  useful  in 
further  defining  the  mechanism  of  the  calcium  loss  of  immobilization. 

As  a  corollary,  caution  must  be  used  when  ionized  calcium  values  are 
used  diagnostically  in  patients  at  bedrest. 

(3)  Transfusions  can  dramatically  lower  serum  ionized  calcium, 
but  in  spite  of  this,  no  clinical  evidence  of  tetany  occurred  in  infants 
undergoing  exchange  transfusion.  The  effects  of  using  heparinized  versus 
citrated  (ACD)  blood  upon  serum  ionized  and  total  calcium  values  were 
compared  as  well  as  the  effect  of  administering  calcium  gluconate  to 
counter  the  fall  in  ionized  calcium.  While  heparinized  blood  produced 
negligible  changes,  ionized  calcium  fell  dramatically  with  ACD  blood. 
Administration  of  0.1  g  calcium  gluconate  per  100  ml  ACD  blood  exchanged 
was  unable  to  maintain  a  normal  ionized  calcium  concentration,  but  total 
calcium  rose  to  hypercalcemic  levels.  Since  the  ionized  calcium  values 
did  not  correlate  with  the  clinical  state,  the  established  use  of  cal¬ 
cium  gluconate  during  exchange  transfusions  certainly  will  need  re-evalu¬ 
ation. 

1 6 .  Evaluation  of  a  New  Fluorometric  Method  for  Determination  of 
Cortisol  in  Serum. 

Although  fluorometric  met.hcH<:  for  the  determination  of  serum  11- 
hydroxycorticosteroids  have  been  available  for  many  years,  only  those 
which  involve  lengthy  chromatographic  separation  and  purification  methods 
have  been  shown  to  possess  specificity  for  cortisol  or  corticosterone. 

In  1969,  Ciark  and  Rubin  (Anal.  Biochem.  29:  31,  1969)  described  a  new 
method  which  is  simple  and  rapid,  yet  purported  to  retain  the  specificity 
and  accuracy  of  lengthier  procedures.  The  method  utilizes  the  initial 
conversion  of  cortisol  and  corticosterone  to  the  1 7-e-carboxyl ic  acid 
derivation  with  metape  iodate,  extraction  of  contaminants  and  fluoro¬ 
metric  analysis.  If  this  method  can  be  documented  to  be  specific,  it 
would  be  of  great  practical  value  for  serum  cortisol  determinations. 

Hence  an  evaluation  was  conducted  in  collaboration  with  the  Division  of 
Medicine,  comparing  this  method  against  others,  including  the  Porter- 
Si  lber  method,  competitive  protein  binding  method,  and  the  double  iso¬ 
tope  derivative  method  which  chromatographical  1y  separates  cortisol  from 
other  derivatives.  Sera  from  patients  known  to  have  low,  normal  and 
high  cortisol  values  were  employed.  It  was  found  that  of  all  the 
methods  examined,  the  Clark  and  Rubin  method  correlated  most  closely 
with  true  cortisc!  values  as  measured  by  the  double  isotope  derivative 
method.  Thus  this  fluorometric  method  can  now  be  the  one  routinely 
used  with  confidence  in  clinical  laboratories  for  the  diagnosis  of 
adrenocortical  abnormalities.  It  is  simple  and  rapid.  Forty  samples 
may  be  analyzed  in  8  hours  with  minimal  glassware  and  equipment. 


SUMMARY . 


Analytical  chemistry  methodology  development  and  application  to 
clinical  use  and  research  is  being  pursued.  Atomic  absorption  spectro¬ 
photometry  was  developed  for  the  measurement  of  Zn,  Hg,  Fe,  Cd,  Cu,  As, 
Ca  and  Mg.  Specific  ion  electrodes  were  utilized  to  determine  ratios 
of  ionized  calcium  to  total  calcium.  The  development  and  utilization 
of  ESR  for  detection  and  identification  of  drugs  of  abuse  began  and 
progressed  to  the  point  of  comparison  with  gas  liquid  chromatography 
(morphine).  Electrophoretic  separation  of  lipoproteins  and  isoenzymes 
continued.  Automated  systems  of  measurement  of  2,3-DPG,  G.-6-P0,  OH 
proline  and  sialic  acid  were  assembled  and  comparative  studies  com¬ 
pleted.  There  are  now  five  cart  mounted  AutoAnalyzer  systems.  A  de¬ 
tection  method  for  tetrahydrocannabinol  (THC)  was  established  on  the 
gas  chromatograph-mass  spectrometer  (GLC-MS).  Work  continued  on  GLC- 
MS  analysis  and  identification  of  drugs  of  abuse. 
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Task  00,  In-House  Laboratory  !ndependent  Research 

Work  Unit  175,  X-ray  diffraction  studies  of  biological  interest 

Investigators. 

Principal:  J.  M.  Stewart,  Ph.D  (University  of  Maryland) 

Associate:  LTC  C.  R.  Angel,  MSC 

DESCRIPTION. 

The  single  crystal  X-ray  diffraction  studies  on  the  anti’ialari a  I*. , 
their  analogues  and  the’r  products  of  interaction  in  biol  igical  syste  . 
were  carried  out  jnder  this  contract.  These  studies  are  intended  to 
relate  the  specific  configuration  of  these  chemical  compounds  '•)  th- 
protective  effects  as  antma  iarials  in  bioloqical  systems. 

PROGRESS. 

The  crystal  structures  of  the  antimalarials  diaminodirhenylsui tone, 
chloroquine  diphosphate,  methylene  blue,  and  l-(3'4,-dichlorot.enzylo/y)- 
2, 2-dimethyl-4, 6-diamine- 1 ,2-dihydrotriazine  hydrochloride  have  beer, 
determined,  providing  much  information  about  molecular  geometry,  hydro¬ 
gen  bonding,  and  molecular  packing  as  well  as,  in  some  cases,  anion- 
cation  interactions  in  the  solid  state. 

The  structure  of  a  complex  formed  between  8-aminoquinol ine,  an  anti- 
malarial  precursor  and  zinc  (II)  chloride  has  been  determined,  with 
some  difficulty,  to  provide  information  about  coordiriat’  n  geometry  of 
the  8-amirioquinol ine  class  of  antimalarials.  Also  determined  is  the 
crystal  structure  of  another  antimalarial  precursor,  2- (2,4-dimethyl - 
phenyl  )-3-methyl -6-chloro-7,8-benzoquinol ine-4-carboxyl ic  acid. 

The  structural  studies  efforts  are  summarized  in  the  accompanying 
tables.  Table  I  is  a  list  of  solved  antimalarial  structures.  Table  11 
is  a  list  of  other  solved  structures.  Table  III  is  a  list  of  structures 
under  investigation. 


Table  I 


SOLVED  ANTIMALARIAL  STRUCTURES 

1.  4 ,4  * -su 1 f onyl diani 1 ine  Dickenson 

2.  Chloroquine  Phosphate  H.  Preston 


lntramoleru !ar 
H-bonding;  molec¬ 
ular  geometry 

Side  chain  con¬ 
figuration;  phos¬ 
phate  binding  and 
H-bondinq  network 
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Methylene  Blue 
(hydrated) 

H.  Marr 

Location  of  charge  on 
cation;  H-bonding 
interactions 

2-(2,4-diamethyl 
phenyl -3 -methyl -6- 
chloro-7,8  benzo- 
quinol ine-4-carbox- 
cyclic  acid  methyl 
ester 

E.  Boonstra 

Antimalarial  precursor 

Ethyl -5-phenyl -2- 
imino-4-oxo-l- 
imidazol idine  car- 
boximidate 

L.  Plastas 

Antimalarial  and 
Zwitterionic  effects 

l-(3'4'-dichloro- 
benzyloxy)-2,2- 
dimethyl-4,6-di- 
amino-1 ,2-dihydro- 
triazine  hydrochloride 

L.  Plastas 

Molecular  geometry 

Transaquobls  (8-amlno-  C.  Kerr 
quinoline)  Zinc  (II) 

Tetrachlorozlncate  III 

Table  II 

OTHER  SOLVED  STRUCTURES 

Chelation  geometry  of 
8-ami noquinol ine 

Picryl  Chloride 

J.  Willis 

Densely  packed  explo¬ 
sive  substance 

Sodium  Chloride 

E.  Boonstra 

Diffractometer  align¬ 
ment  check 

Pentacarbonytri- 
phenyl phosphite- 
chromium  (0) 

H.  Plastas 

Backbonding  theories 

Pentacarbonxyl tri¬ 
phenyl  phosphine- 
chromium  (0) 

H.  Plastas 

Backbonding  theories 

1 ,1 -dimethyl -3- 
pnenjrlpyrazol  ium- 
5-oxide 

W.  OeCamp 

Antipyrine  structural 
i somer 
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6.  Exo-l-chloro[2.1.1] 
bicyclohexane-5-car- 
boxylic  acid 

P.  Watts 

Parent  (2.1.1) 
bicyclic  compound 

7.  5-Phenyl pseudo- 
hydantoin 

L.  Plastas 

Zwitterionic  effects 

8.  2-Methyl -5-bromo-7- 
tri f 1 uoroacetyl -3- 
azo-2H-3-pyridine 

P.  Watts 

H.  Ammon 

Determination  of 
positions  of  substitu¬ 
tion 

9.  Thiepin-1,1  dioxide 

H.  Ammon 

P.  Watts 

Aromatic  character 
determination 

10.  3-methyl -6- isopropyl 

5 ' -pa  rabromobenzoyl 
8H-azuleno[l ,8-bcJ 
thiophene 

H .  Ammon 

P.  Watts 

Identification  of 
molecules 

11.  5-phfnyl-2-imino-4- 
oxo-l-imidazol idine 

R.  Chastain 

Blocking  agent  in 
protein  degradation 

12.  Tetracarbonylbistri- 
phenyl phosphie 
chromium  (0) 

H.  Preston 

H.  Plastas 

Coordination  back- 
bonding  theories 

13.  3-methyl -pyrazol in- 
5-one 

W.  DeCamp 

Parent  of  many 
steroids 

14.  1 ,3-dihydroxy-2-CH2 

2-ni tropropane 

H.  Marr 

Geometry  in  di- 
alcohols 

15.  bis  (tri phenyl  - 

phosphine)  diphenyl- 
acetylene  platinum  (II) 

H.  Plastas 

Coordination  geometry 

Table  III 

STRUCTURES 

UNDER  INVESTIGATION 

1 - hydroxy-2-methyl - 

2- nitropropane 

H.  Marr 

Geometry  in  mono 
alcohols 

Trans-iridium  (I) 

W.  DeCamp 

Chlorocarbonyl 
Bi s[ tr i (o-tolyl )] 
phosphine 
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Di phenyl -dimethyl 
phosphine  chloride 

H.  Plastas 

Coordination  geometry 

2-methyl -4-amino 
quinoline 

P.  Watts 

C.  Kerr 

Accurate  bond  lengths 
to  give  geometry  and 
bond  order  of  the  4- 
aminoquinol ine  system 

Quinine  Sulfate 

P.  Watts 

C.  Kerr 

Absolute  configuration 
and  conformation;  in¬ 
teraction  between  qui¬ 
nine  and  the  anion 

Primaquine  Phosphate 

C.  Kerr 

Side  chain  configura¬ 
tion;  phosphate  binding 
and  H-bonding  network 

1 1 -Bromoundecanyl 
anhydride 

W.  Pangborn 

Structures  of  membranes 

Ethylene  didodecanoate 

P.  Watts 

W.  Kopec ky 

Structures  of  membranes 

4  -hydroxypyrimidone 

W.  Kopec ky 

Structures  of  membranes 

Intensity  data  have  been  collected  for  quinine  sulfate  and  2-methyl- 
4-d'iinoquinol ine  and  attempts  are  now  in  progress  to  solve  these  two 
structures;  both  are  acentric  structures  and  are  offering  some  resist¬ 
ance  to  solution.  Only  preliminary  cell  data  have  been  collected  for 
primaquine  diphosphate,  which  crystallizes  in  extremely  thin  plates  un¬ 
suitable  for  an  intensity  study. 

Complexes  of  chloroquine  with  cobalt  (II),  copper  (II),  and  zinc 
(II)  salts  have  been  prepared  and  preliminary  conductivity  and  spectral 
measurements  have  been  made.  The  preparation  of  complexes  of  quinine, 
chloroquine,  and  primaquine  with  organic  and  organophosphoric  acids  is 
in  progress;  subsequent  structure  determination  should  yield  further 
valuable  information  as  to  the  binding  capabilities  of  these  drugs. 

The  specific  mission  of  solving  the  structures  of  antimalarial  com¬ 
pounds  has  required  a  parallel  effort  in  the  field  of  crystallographic 
computing.  A  major  problem  arises  in  the  structure  determination  of 
optically  active  (therefore  acentric)  light  atom  drugs.  The  method  of 
solution  being  developed  for  these  acentric  compounds  is  similar  to 
that  presently  used  for  compounds  crystallizing  in  centrosymmetr ic 
space  groups,  but  is  more  complex  and  has  required  a  major  computational 
effort,  A  new  program  has  been  developed  for  acentric  phase  determina¬ 
tion  and  has  been  used  recently  for  the  solution  of  two  previously 


unsolved  compounds.  Five  noncentrosymmetric  light  atom  structures  have 
now  been  solved. 

Review  of  quality  of  the  programs  in  the  X-ray  crystallographic 
computing  system  continues  and  several  new  programs  have  been  added. 

This  system  is  distributed  for  use  in  other  laboratories  throughout  the 
world  and  has,  in  fact,  been  referenced  in  approximately  10'£  of  the 
articles  appearing  in  recent  issues  of  Acta  Crysta I lographica . 

SUMMARY . 

This  contract  was  terminated  on  71  02  28  and  this  report  constitutes 
the  final  summary  of  the  accomplishments  under  this  project.  Studies  of 
correlation  of  structure  and  function  of  antimalarials  will  in  the  future 
yield  worthwhile  knowledge  in  understanding  of  their  mode  of  action.  X- 
ray diffraction  studies  will  be  a  fruitful  tool  for  structural  determina¬ 
tion  of  antimalarials. 
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RESEARCH  AND  TECHNOLOGY  WORK  UNIT  SUMMARY 


(U)  The  Import  tin 


w;  i.i.. 

( 4<  j  Diabetes  ^ellUus;  (  >  ilucose  Tolerance;  U  ’3  Instill"  *\nt  l  bud  it  o ;  it')  Ahsurpl  ion; 


TKCHNICAl  OKIlTi.r  *  1  *■  «  «i  It  tKOttf  H  inMxtn  ‘  t  /  k,  rt+ <  •  '♦»'  •/  t  »i  f*  f.i  u<  it.  r'«.<  t « c  •H«'  t  *4*  j 

21.  (U)  To  study  chromium  metabolism  hi  normal,  diabetic  md  elderly  human  subjects  and 

to  biocheratcaJ.lv  define  defe*  t*  in  absorption,  handling  and  excretion  of  chromium  assoc¬ 
iated  with  impaired  gluccn4  metabolism.  To  Identity  the  nature  u t  the  circulating  chro¬ 
mium  complex  which  appears  in  the  plasma  in  response  tf*  glutose  ingestion. 

2<* .  (U)  Oral  Otromiiini-51  •*  1 1  i  he  administei eu  and  plasma  and  uiinar,  Uiromium-5i  ronten- 
t  rat  Ions  will  he  <l».  t  **i‘inined  it  intervals  i»«r  t  ui  d.l’s.  >ume  inea  >u  feint  n  Is  will  It* 

made  hollowing  lut  a  vt,;v.'ii.i  injection  of  Cl  r » iuni- >  7 .  lo'iip.u  )  oon  ol  »\pt*r  lmcnta  J  data 
will  allow  assessment  „>f  intestinal  absorption,  plasma  ha  i  *  1  1 1 « •  and  excretion  in  all 
three  types  ot  subjects.  Studies  of  the  nature  ot  nr.  ;il.c  mg  <  hiomium  will  mil.  lally 
use  animals.  Electrc ph^ret  i  patterns  ot  chromium  containing  plasma  1 » act ions ,  before 
and  after  a  glucose  load,  will  be  compart'd  and  the  eluteu  trai  tjons  tested  for  bio¬ 
logical  activit;  !n  the  ep’uIJymal  tat  pad  assay. 

25.  (U)  70  07  -  7  i  b2  !he  ?iudv  has  been  art  led  out  in  lw<»  parts  I !i*-  organ  and  intra 
cellular  d  isti  lhut  i.u  *i  chromium  in  the  rat  under  varying  dietary  anr]  hoimonal  chro¬ 

mium  in  normal  and  lusuim  requiring  diabttiis.  Absorption  2*7  t  me  tin*  quantity 
of  chromium  in  iia’-eti  -s  m  m1  rjst.  t«  iu  rm»l  absorption  is  rep*  rf.ed  A  concomitant 
increase  i r*  urlnat  '  excretion  ud*>  been  documented.  A  final  report  luis  been  prepared 
and  disseminated  *  For  technical  report  see  Walter  Reed  Army  Institute  of  Research 
Annual  Progress  Report,  1  Tul  70-30  iun  7  . 
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Investigators. 

Principal:  R.  J.  Doisey,  Ph.D.  (State  University  of  New  York) 
Associate:  LTC  C.  R.  Angel,  MSC 

DESCRIPTION. 

Previous  investigations  under  this  contract  suggested  that  chromium 
deficiency  may  exist  in  the  elderly  population.  Impaired  glucose  toler¬ 
ances  in  some  elderly  subjects  were  normal  after  supplementation  of  thei 
diet  with  trivalent  chromium.  Tests  on  oral  5lQr  absorption  suggested 
no  evidence  of  malabsorption  of  chromium  in  elderly  subjects.  However, 
it  was  observed  that  insulin-requiring  diabetics  appeared  to  absorb 
more  chromium  than  did  maturity-onset  diabetics  or  normal  subjects. 

PROGRESS. 

a.  Clinical  Studies. 

51 

Oral  administration  of  a  tracer  dose  of  CrCl 3  has  shown  that 
insulin-requiring  diabetics  absorb  two  and  one-half  to  seven  times  the 
amount  of  chromium  than  normal  subjects  absorb.  It  is  not  known  whether 
the  increased  absorption  reflects  possible  tissue  deficiency  or  not. 

The  increased  urinary  excretion  observed  may  be  due  to  the  increased 
absorption,  or  due  to  impaired  metabolism  of  the  ingested  chromium. 

51 

Intravenous  administration  of  Cr  into  normal  subjects  and 
juvenile  diabetics  demonstrated  that  the  diabetics  again  lose  more  chro¬ 
mium  in  the  urine  than  do  normal  subjects  or  maturity-onset  diabetics. 
This  finding  clearly  suggests  that  the  insulin-requiring  diabetic  is 
unable  to  metabolize  chromium  in  a  normal  manner.  Whether  this  is  a 
cause  or  result  of  the  disease  is  not  known. 

b.  Animal  Studies. 

51 

The  organ  and  intracellular  distribution  of  Cr  in  normal  and 
diabetic  rats  were  determined.  Attempts  to  alter  the  distribution  of 
51  Cr  by  dietary  and  normal  influences  are  described. 

SUMMARY. 


This  contract  was  terminated  on  31  July  1970. 


[Pll  Redacted] 
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Project  3A061101A91C  IN-HOUhE  LABORATORY  INDEPENDENT  RESEARCH 
Task  00,  In-House  Laboratory  Independent  Research 
Work  UrH  t  i  S 1  ,  b.ve  lopment  of  a  menLngococi  al  immur:  1  v  ing  agent 
Invest igators . 

Principal:  Ma  lcolm  S.  Artmsteln,  M.L. 

Associate:  Freiell  A.  Wvle,  MAI,  ML;  Brenda  L.  Brandt,  M.S.; 

LdmunJ  f.  Tramont,  MA  J ,  MC;  Lennis  I. .  Kasper,  MA  J ,  MC: 

Wendell  I)  Zi  1  linger,  LPT,  MSt  ;  diaries  Harkins; 

Kichaid  L.  Cohen,  (AT,  MSC:  Benjamin  F.  Hoover,  SP5; 

Joseph  R.  Pinson,  Jr*,  PFC;  Ktigene  F.  Limberg,  PFC; 

and  Ad  nr  !> .  r'ruzd ,  S F*  . 

Description . 

Meningococcal  palysac  *»ai  Kv  vaccines  have  been  developed  against 
organisms  of  semigroups  \  tud  c.  I  he  group  L  vaccine  has  been  proven 
to  be  safe  and  effect ivt  In  "rev*  nting  disease  and  lias  been  used  for 
prophylaxis  this  past  winter  in  six  basic  training  posts.  The  group  A 
vaccine  is  safe  and  immunogenic  but  has  not  as  vet  been  field  tested 
for  efficacy  since  group  A  disease  has  been  nonexistent  in  CONUS  for 
many  years. 

Isolatl  n  and  purification  nf  a  group  B  polysaccharide  has  been 
accomplisheu  this  past  year.  The  results  of  animal  and  human 
volunteer  immunizations  have  been  rather  disappointing,  as  will  be 
shown,  and  suggest  the  need  for  other  approaches  to  the  problem. 

Progress . 

1.  Put  i 1 i ed  group  B  polysaccharide  vaccines. 

Lot  H-l  vaccine  was  te-  ted  initially  in  six  laboratory 
volunteers  (intrudermallv,  50  m  orograms)  with  the  following  results 
(Table  1). 

The  initial  testing  with  the  FAB  assay  indicated  that  all  six 
volunteers  showed  antibody  response  within  two  weeks  of  injection. 

One  volunteer  (MP)  also  showed  HA-B  rise.  The  initial  high  titers 
of  HA  antibody,  however,  make  this  method  rather  difficult  to 
interpret.  Sera  of  three  subjects  (MSA,  BLB  and  MP)  were  tested  by 
FAB  using  serogroup  A  and  C  antigens  with  no  titer  increases 
demonstrable.  Thus  the  group  B  rise  was  specific.  'Jesting  with  the 
B-Farr  technique  at  a  much  later  time  showed  no  antibody  increases  in 
any  of  the  volunteers.  This  assav  is  the  most  sensitive-  yet  devised 
to  detect  ant ipolvsac char ide  antibody  and,  there! ore,  is  preferable 
for  vaccine  studies.  However,  despite  the  rather  clear  i  ut  negative 
response  one  ts  f  ice  i  with  a  difficulty  in  lnterpret.it  ion  *  i  the  data 


Table  1.  Antibody  response  to  group  B  vaccine  (Lot  B-l), 
November  1969. 


Serum  date 


N 

_  * 

lest 

0 

1  vk 

2  wk 

1  wk 

o  wk 

6  mo. 

MSA 

FAB-B 

1:2 

1:4 

1:  32 

HA  -B 

1  :6^ 

1  :t>4 

1  : 64 

B-  Farr 

4.4 

1.3 

6.0 

-♦  . 

•*  .  . 

4  .  1 1 

II. D. 

FAB-B 

1:4 

1  :64 

1 : 64 

i  ;  M 

FLA-B 

1  :  12 

l  :64 

1:64 

H  -  Fa  r  r 

a. 5 

6  .h 

6.8 

7.  > 

4.0 

H .  S . 

Art-B 

1:2 

1:4 

1:32 

HA  -  B 

1 :  12 

i  :  12 

1 :  32 

B-Farr 

1 :  5 

1  : 2 

0.5 

0.0 

0.1) 

BI.B 

FAB-  B 

1:2 

1  ;  8 

_ 

1  :  H 

1  :  2  60 

HA-B 

1:64 

1 : 64 

1  : 64 

B-Farr 

h .  4 

7.6 

4.4 

6.  ) 

4.4 

4.0 

J  .7.. 

FAB-B 

1:4 

- 

1:16 

1  :  12 

KA-B 

1:128 

- 

1:128 

B-Farr 

11.1 

- 

12.5 

10.7 

11.0 

9.8 

M.P. 

FAB-B 

1:2 

1:8 

1 :  32 

1  :  )  6 

1  :B 

UA-B 

1:64 

1:64 

1:256 

B-Farr 

3.8 

3.3 

2.7 

3.1 

2.4 

2.1 

*FAB-B  -  1  Increscent  antibody,  B  organism 
HA-B  =  hemagglutination,  B  antigen 
B-Farr  =  radioactive  gp  B  binding  assay,  %  binding 


sr, 
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since  the  B-Farr  test  was  performed  over  a  year  after  the  sera  were 
collected  and  the  specimens  had  been  thawed  and  refrozen  many  times. 
This  type  of  treatment,  however,  has  not  noticeably  reduced  anti-C 
antibody  In  several  individuals  previously  vaccinated  with  group  C 
vaccine . 

Subsequently,  two  laboratory  volunteers  were  administered  250 
micrograins  of  Lot  B-l  polysaccharide  by  the  subcutaneous  route. 
Twenty-four  hrs.  later  erythema  measuring  2  to  3.5  cm  was  visible 
but  tenderness  was  very  minimal;  the  local  reaction  disappeared  with¬ 
in  the  ..  20  hrs.  Antibody  response  was  as  follows  (Table  2). 


Table  2.  Antibody  response  to  250  meg  group  B  vaccine  (Lot  B-l), 
January  1970. 


Name 

Titer  at  indicated  week 

0 

i 

2 

4 

8 

13 

16 

MD 

FAB-B 

64 

128 

128 

128 

128 

*64 

B-Farr 

8.1 

10.5 

13.1 

14.5 

10.8 

- 

JS 

FAB-B 

16 

16 

16 

64 

64 

- 

32 

B-Farr 

0.9 

0.9 

0.0 

1.6 

1.5 

- 

JS  showed 

a  4-fold 

FAB-B 

titer  rise  at  4 

weeks;  MD  had  no  titer 

increase 

but  his  Initial 

titer  was  high. 

Subject 

MD  showed  a 

suggestion  of  Increased  binding  of  the  radioactive  B  antigen. 

After  these  preliminary  studies  a  titration  of  Lot  B-l  was 
approved  and  carried  out  a-  Fort  Bragg,  N.  C.  beginning  25  Feb  1970. 

Two  hundred  and  seventy-five  recruits  in  reception  week  underwent 
venipuncture  and  nasopharyngeal  cultures.  Of  these  men,  183  volunteered 
to  receive  the  group  B  vaccine  and  were  divided  into  four  groups,  each 
of  which  received  a  different  dose  administered  subcutaneously. 
Following  this  injection  each  man  received  the  mandatory  influenza  and 
tetanus-diphtheria  inoculations.  Local  reactions  observed  at  24  hrs 
were  minimal  (1  to  3  cm  erythema)  and  were  correlated  (Table  3)  with 
dose  administered. 


Table  3.  Local  erythema  following  group  B  vaccine 
(Lot  B-l)  administered  subcutaneously. 


Dose  No.  men  reacting/No.  men  vaccinated 


10 

meg 

0/48 

•0 

meg 

3/49 

100 

meg 

8/54 

250 

meg 

8/32 

Carrier  cultures  and  blood  speciens  were  obtained  at  two  week  Intervals 
from  the  entire  group. 

Meningococcal  carrier  surveys  showed  very  little  group  B  trans¬ 
mission  but  serogroups  C,  Bo  and  nongroupable  organisms  were  eventually 
carried  bv  over  60  percent  of  the  men. 

The  antibody  response  to  the  vaccine  was  interpreted  with  the 
knowledge  that  the  FAB  test  system  detects  antibody  crossr&u  t  Ive  with 
other  serogroups.  Therefore,  the  data  on  vaccine  response  was  also 
tabulated  after  deleting  all  men  who  were  carriers  of  any  meningococcal 
serogroup . 

The  results  of  FAB  and  Latex-B  tests  on  these  individuals  are 
shown  in  Table  4. 


Table  4. 

Antibody  responses  to 
vaccine  (Lot  B-i,  Ft. 

graded  doses  of  group 
Bragg,  Feb.  1970). 

B  polysaccharid 

Total 

Non-carriers 

Date  ot  non- 

Dose 

No.  Pos.*/No.  Tested 

No.  Pos./No.  Tested 

*  arrier  rise 

I0y 

15/34 

2/8 

Week  4  ;  / 

50y 

9/24 

4/9 

2  at  wk  4; 

2  at  wk  7 

lOOy 

9/38 

1/18 

Week  2 

250y 

8/30 

1  /If) 

Week  2 

Lx  and  FAB  pos 

No 

vaccine 

2/14 

0/8 

*4-fold  or  greater  Increase  in  titer  by  FAB-B  and/or  Latex-B  tests. 


Although  many  men  showed  significant  titer  rises  in  the  FAB  test 
relatively  few  individuals  who  never  acquired  a  throat  culture 
positive  for  meningococci  developed  ar.cibody  increases.  Only  two 
individuals  in  this  latter  category  developed  a  titer  rise  within 
two  weeks  and  onJv  one  of  tnese  two  rises  was  c<  nt  Jmed  by  latex 
test.  \  total  of  16  FAB  positive  subjects  were  .hoiked  by  the  Lx 
test  and  only  the  above  mentioned  individual  showed  a  rise  (2  tubes). 
Even  if  all  antibody  rises  in  noncarriers  are  tabulated  (8/41  -  202) 
the  response  *  B-l  vaccine  must  be  considered  p jo.  In  addition  the 
response  seenu  i  unrelated  to  the  dose  administered. 

Two  more  experiments  were  carried  out  in  lab  volunteers  when 
preliminary  results  jn  the  recruit  sera  suggested  a  very  poor 
response.  These  were  done  in  order  to  determine  whether  the  group  B 
vaccine  had  deteriorated  during  storage.  In  April  1970,  seven 
subjects  received  a  triple  vaccine  consisting  of  50  meg  closes  of 
each  polysaccharide,  A,  B  and  C,  given  by  subcutaneous  route.  Results 
of  antibody  tests  are  shown  in  Table  5. 

Of  this  group,  five  showed  antibody  rise  to  A  polysaccharide, 
six  to  C  polysaccharide,  but  only  one  responded  to  the  B  component 
(R.  Sco.)  by  FAB.  This  same  individual,  however,  showed  no  antibody 
response  in  the  Latex-B  and  B-Farr  tests.  Subject  MacL. ,  who  showed 
no  response  in  the  FAB  ^  test,  showed  a  low  level,  but  consistent 
titer  increases  in  the  Lx-B  and  B-Farr  assays,  both  within  the  first 
week  following  injection. 

One  more  group  of  lab  volunteers  was  injected  with  monovalent 
Lot  B-l  vaccine,  50  meg  subcutaneously,  in  May  1970.  Antibody 
responses  of  these  seven  subjects  are  shown  in  Table  6.  None  showed 
antibody  rise  bv  the  FAB-B  technique. 

Five  subjects  failed  to  show  antibody  change  bv  B-Farr  test; 

Hr.  showed  a  falling  titer  and  one  individual,  Ry . ,  showed  a  low 
level  but  consistent  antibody  increase  by  this  technique. 

One  further  group  of  laboratory  personnel  were  immunized  with 
triple  vaccine  (Lot  A-7,  B-l  and  C-8,  50  micrograms  of  each  mixed 
together  and  injected  subcutaneously)  on  30  July  1970.  Local 
reactions  were  negligible;  antibody  responses  to  A  and  C  components 
were  demonstrated  in  each  of  the  six  volunteers. 

Four  subjects  showed  no  antibody  response  in  the  h-Farr  lest 
over  a  two  month  period;  three  of  these  were  also  tested  by  I.x-B 
and  were  negative.  Two  volunteers  became  serog roup  B  carriers  four 
months  after  vaccination  and  their  antibody  studies  are  shown  in 
Table  7.  On  the  same  date,  two  months  after  immunization,  both 
subjects  showed  significant  group  B  antibody  increases  by  the  Farr 
test,  one  also  showed  a  Lx-B  increase.  Both  men  had  negative  throat 


Table  5.  Antibody  responses  to  triple  vaccine 


FAB 


Name 

Week  after 
vaccination 

HA-C 

A 

C 

B 

B 

repeated 

Lx-B 

B-Fari* 

Adk. 

0 

8 

4 

16 

16 

32 

<2 

8.  1 

l 

128 

16 

128 

8 

- 

,  9 

6.0 

> 

25b 

128 

128 

16 

- 

v  j 

3.  / 

/ 

♦ 

12 

.  > 

S  .  M 

8 

J  6 

<2 

r> .  i 

Chad . 

0 

<2 

16 

l 

32 

12 

8 

12.t> 

1 

16 

16 

16 

32 

32 

8 

13.4 

2 

32 

32 

32 

8 

64 

8 

1  3.0 

-4 

32 

8 

13.2 

8 

64 

8 

10.8 

It.  Sco . 

0 

<2 

32 

8 

64 

32 

> 

1  .  t 

1 

8 

32 

8 

32 

- 

2 

I  .4 

2 

16 

128 

8 

32 

- 

.  » 

2.0 

4 

12 

.  > 

1  .4 

8 

64 

> 

J.M 

Mach. 

0 

16 

8 

16 

64 

r> 

.  2 

8.  1 

1 

32 

32 

32 

32 

- 

8 

n.3 

2 

32 

32 

32 

32 

- 

8 

n .  o 

4 

64 

8 

10.4 

8* 

32 

8 

9.2 

R. Sco . 

0 

<2 

8 

2 

4 

4 

<2 

0.0 

1 

32 

32 

32 

2 

- 

<2 

0.1 

2 

32 

32 

16 

16 

- 

•2 

0.0 

4 

16 

,  2 

0.0 

8 

8 

0.0 

R. Coh . 

0 

2 

4 

4 

<2 

4 

<2 

l  .  7 

1 

64 

32 

32 

<2 

- 

•  2 

0.  1 

2 

64 

32 

64 

<2 

- 

'2 

0.4 

4 

t 

,  2 

0.4 

8 

4 

.  ) 

0.0 

Roa . 

0 

•  2 

8 

8 

4 

8 

2 

1  .  1 

1 

8 

8 

64 

4 

- 

2 

0.0 

2 

32 

8 

64 

2 

- 

2 

1.2 

4 

8 

2 

0.7 

8 

8 

.  j 

0.8 

*Nas(.iplicitynScal  culture  revealed  four  colonies  of  group  Y  meningococcus. 
All  the  other  cultures  were  negative. 
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Table  6.  FAB  titers  following  vaccination  with  Lot  B-l 
vaccine. 


Volunteer 

Antibody 

Lest 

Serum 

at 

i  titer  (reciprocal) 
Indicated  week 

0 

1 

2 

3 

Tr. 

FAB-B 

16 

32 

16 

16 

Ae . 

FAB-B 

32 

16 

16 

16 

Je. 

FAB-B 

16 

16 

- 

16 

Pa. 

FAB-B 

32 

8 

8 

32 

Fo. 

FAB-B 

32 

16 

32 

Br. 

FAB-B 

16 

32 

16 

- 

B-Farr  (X) 

24.3 

21.7 

18.5 

10.1 

Ry.* 

FAB-B 

64 

32 

32 

64 

B-Farr  (X) 

12.3 

14.0 

17.8 

18.2 

*Carrier  of 

serogroup  X. 

Table  7. 

Antibody  response  of  two  subjects  who  received 
triple  vaccine  and  subsequently  became 
nasopharyngeal  carriers. 

Subject 

Week  after 
vaccination 

Carrier 

state 

Serum  titer 

B-Farr 

test  (X)  Lx-B 

J.W. 

0 

_ 

1.8 

-1:2 

1 

- 

2.2 

•1:2 

2 

- 

2.7 

•1:2 

4 

- 

2.6 

•1:2 

8 

- 

7.7 

<1:2 

16 

B 

6.8 

<1:2 

37 

B 

6.6 

<1:2 

A.D. 

0 

_ 

2.1 

<1:2 

1 

- 

6 , 4 

1:2 

2 

- 

4.3 

1:2 

4 

- 

3.9 

1:2 

8 

- 

25.7 

1  : 8 

16 

B 

6.7 

1:2 

37 

B 

8.0 

1:2 
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cultures  at  this  time.  When  next  tested  two  and  seven  months  later 
both  were  found  to  be  group  B  carriers  (It  should  be  mentioned  that 
both  had  laboratory  exposure  to  group  B  organisms).  Antibody  titers 
of  A.  D.  fell  markedly  to  prevaccination  levels  despite  the  fact  that 
h*-  remained  a  car  ier.  J.S.'s  antibody  titers  did  not  change  very 
nm*-h  despite  pro.  aged  meningococcal  group  B  carriage. 

Attempts  to  produce  a  larger  molecular  weight  B  polysaccharide 
based  upon  harvesting  cultures  of  different  ages  culminated  In  the 
preparation  of  five  different  group  B  antigens  labelled  B-3,  6  hi., 

8  hr.,  10  hr.,  12  hr.  and  14  hr.  (Fig.  1).  From  this  figure  it  is 
apparent  that  the  peak  of  sialic  acid  shifted  to  the  right  (smaller 
MW)  in  the  polysaccharides  prepared  from  older  cultures. 

Prior  to  studies  in  recruits,  six  laboratory  volunteers  were 
Inoculated  with  8-3,  8  hr.  vaccine  by  the  intradermal  route.  Results 
of  antibody  tests  are  shown  in  Table  8. 

Although  two  of  the  six  volunteers  (Rom.  and  Hoov.)  showed 
uggestive  FAB-B  rises  within  one  week  following  vaccination  those 
were  not  confirmed  by  the  other  two  assays. 

All  five  B*  \  vaccine  preparations  were  tested  in  Fort  Dix  recruit 
volunteers  (SO  mirrograms  subcutaneously)  with  throat  cultures  and 
serum  specimens  being  collected  at  two  week  intervals.  No  adverse 
reactions  were  noted.  Antibody  studies  are  summarized  in  Table  9. 


Table  9. 

Antibody  response  to  group  B 
vaccines  of  different 
molecular  size  (Lot  B-3, 

Ft.  Dix). 

Va  :c  ine 

No.  tested  No.  pos 

.  by  FAB-B 

6  hr. 

17 

2 

8  hr . 

11 

1 

10  hr. 

10 

0 

12  hr. 

7 

0 

14  hr. 

5 

0 

Total 

50 

1 

* 
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Table  8.  Antibody  response  to  group  B  vaccine  (Lot  B-3 
8  hr.,  50  mlcrograms,  intradermal ) . 


Antibody  titers  vs. 


Sub j ect 

Week  after 
vaccination 

indicated 

ant Igen 

FAB-B 

Lx-B 

R-Farr  (%) 

0.  Hr. 

0 

8 

,  2 

2.  / 

1 

16 

<2 

bo 

2 

16 

<2 

S.5 

4 

<2 

3.6 

VanD. 

0 

32 

<2 

1  •  3 

1 

32 

<2 

1.2 

2 

32 

<2 

0.6 

4 

32 

<2 

2.9 

Rom . 

0 

8 

<2 

0.8 

1 

32 

-2 

0.9 

2 

32 

<2 

1.5 

4 

<2 

0.1 

Hoov . 

0 

8 

<2 

11.3 

1 

32 

<2 

1  3.  1 

2 

32 

<2 

9.2 

4 

<2 

14.3 

Dal. 

0 

16 

4 

13.8 

1 

16 

4 

16.1 

2 

16 

4 

14.2 

4 

4 

12.2 

Sang. 

0 

16 

4 

13.8 

1 

32 

4 

14.7 

2 

16 

4 

17.1 

4 

4 

15.9 
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Fifty  subjects  whose  throat  cultures  failed  to  yield  meningococci 
at  two  and,  in  many  cases,  four  weeks  after  vaccination  were  tested 
for  antibody  response.  Three  individuals  showed  a  rise  by  FAB-B  test 
and  these  results  were  reproducible.  However,  none  of  the  volunteers 
were  positive  by  Latex-B  test.  Forty  subjects  who  received  the  6  hr. 
vaccine  were  tested  by  the  B-HA  assay,  only  one  person  showing  a  four 
fold  increase  in  titer.  This  subject  and  eight  others  failed  to  show 
any  antibody  increase  when  sera  were  tested  with  the  B-Farr  antigen. 

The  results  of  the  above  studies  suggest  that  group  B  polysaccha¬ 
ride  vaccines  can  be  produced  with  varying  molecular  size;  but  even 
those  with  the  largest  sized  molecules  are  extremely  poor  immunogens 
In  man. 

Further  studies  were  carried  out  with  a  fourth  lot  of  group  B 
vaccine  made  with  a  more  highly  buffered  medium  (B-4,  3XCA)  containing 
thtue  times  the  standard  concentration  of  casamino  acids.  Eight 
laboratory  volunteers  received  50  microgram  doses  of  vaccine  (four 
intradermally ,  four  subcutaneously).  Sera  obtained  at  weekly  intervals 
were  tested  for  B-Farr  and  Lx-B  antibody;  none  showed  significantly 
increased  titers  over  a  four  week  period.  Four  months  later  three  of 
these  volunteers  were  injected  again  with  the  same  vaccine;  none  showed 
B-Farr  antibody  titer  change. 


2 .  The  use  of  adjuvants  to  enhance  the  immunogenic ity  of  group  B 
meningococcal  polysaccharide  antigens. 

As  evidence  mounted  that  the  meningococcal  group  B  purified 
polysaccharide  vaccines  were  not  immunogenic  in  man  a  series  of  experi¬ 
ments  were  carried  out  to  test  the  combination  of  polysaccharide  with 
various  adjuvants. 

a.  Studies  in  rabbits. 


The  following  adjuvants  were  prepared: 


Name 


Preparation 


Alum 


A1  CI3.6H2O  12  gms/L 
add  0.1M  NaOH  1.8  vol  to 
1  vol  A1  CI3  for  pH  7 


5  ml  B4  vaccine 
1  ml  A1  CI3 
1.8  ml  NaOH 
2.2  ml  H20 


Methylated  Methylated  bovine  albumin 

albumin  50  racg/ml  water 


Equal  vol  mixed 
with  B4  vaccine 


Influenza  A2/ Jap/ 305/57 

virus  E-10  Allantoic  fluid 


Mix  equal  vol 
with  B4  vaccine 


B4  vaccine  uot  B4  -  3XCA 


Dilute  1:2  with  water 
to  equal  50y/0.4  ml 


In  addition,  various  crude  preparations  of  group  B  polysaccharide 
were  also  tested  (Table  10). 

Table  10. 

Chemical  characterization  of  group 
tested  in  rabbits. 

B  polysaccharides 

Sample 

%  protein 

X  nucleic  acids 

%  sialic  acid* 

B-36  crude 

47.3 

6.6 

52 

B-36  sevag 

14.5 

1.6 

91 .0 

B-3'j  FP 

0.84 

1.07 

94.0 

B-36  FP-1 

0.57 

0.72 

99 

*%  of  a  standard  preparation. 


Two  kilogram  male  rabbits  were  injected  into  the  rear  footpads  at 
weekly  intervals  for  three  weeks,  rested  two  weeks,  Injected  again, 
rested  two  weeks  and  injected  a  final  time.  Vaccines  were  refrigerated 
the  first  week  and  subsequently  frozen  between  Injection  dates. 

Results  shown  in  Table  11  indicate  that  the  three  adjuvants  were 
approximately  equal  in  their  effects,  namely  very  low  antl-B  antibodies 
were  induced  at  four  weeks  which,  in  the  few  animals  tested,  could  not 
be  boosted  by  a  sixth  injection.  Purified  polysaccharide  alone,  B-4 
or  B-36,  were  essentially  nonimmunogenic  but  cruder  antigens  induced 
very  low  levels  of  HA-B  antibodies.  One  Injection  of  live  group  B 
organisms  Intravenously  gave  aerian  titers  of  1:8  after  one  week. 
Subsequently,  injection  of  viable  organisms,  three  times  in  a  week, 
produced  HA  titers  from  1:64  to  1:1024  in  all  rabbits  regardless  of 
previous  group  B  antigen  injections.  After  a  one  month  rest  period, 
these  titers  declined  significantly  but  were  rapidly  boosted  by  2  I.V. 
injections  of  live  organisms.  The  low  levels  of  antibody  in  rabbits 
who  had  not  received  live  organisms  fell  even  lower  or  became  neglig 
negligible  during  the  one  month  rest  period  and  were  returned  to  the 
1:5  level  bv  two  injections  of  sensitized  latex  particles. 

In  a  subsequent  experiment,  B  polysaccharide  vaccines  were 
prepared  with  an  improved  alum  (Merck  formula),  latex  or  mixed  with 
typhoid  vaccine  and  injected  into  rabbits  three  times  at  weekly 
intervals.  Only  the  rabbit  given  latex-B  developed  a  trace  (1:4) 
of  antl-B  antibody. 

Thus,  extracted  and  purified  (crude  or  with  adjuvants)  group  B 
polysaccharides  were  poorly  Immunogenic  in  rabbits.  Titers  could 
not  be  boosted  with  purified  polysaccharides  even  when  attached  to 
lat.-x  particles.  However,  live  group  B  organisms  injected 
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Table  11.  Antibody  response  ( B— HA)  of  rabbits  to  B  polysaccharide  ir»  adjuvant  or  to  crude 
B  antigen. 
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intravenously  produced  prompt,  high  titers  of  group  B  antibody.  These 
data  suggest  that  the  grout  H  polysaccharide  in  its  native  state  is 
significantly  different  from  the  purified  products  tested. 

An  t  nat  lve  explanation  of  the  results,  however,  would  be  that 

Immunoi^  il  r  diraiu  t*,  or  paralysis,  to  the  polysaccharides  has  been 
induced  m.I  that  thi  ;  .an  be  broken  by  the  antigen  when  presented  as  a 
large  i r f  i •  le  (vh<  !e  organism). 

b.  I es  {;  human  volunteers  . 

Based  upon  the  rabbit  data  which  showed  a  slight  response 
to  group  B  polysaccharide  mixed  with  influenza  virus,  four  laboratory 
volunteers  were  inoculated  with  a  mixture  of  influenza  vaccine  and 
group  N  meningococcal  vaccine  to  determine  antibody  responses. 

Influenza  vaccine  was  Lederle  Bivalent  containing  A2  and  B 
antigens.  Lot  B4-OXCA  meningocc  group  B  vaccine  (0.2  ml 
containing  50  micrograms)  was  mixed  with  0.5  ml  flu  vaccine  and 
injected  together  by  the  subcutaneous  route.  Throat  cultures  and 
it  rum  specimens  were  collected  prior  to  vaccination  and  at  weekly 
i  n  t  e  rv  i  1  s  . 

It  1  r  •  *  e  1  11;  leers,  K.D.,  K.W.  and  J .  P .  ,  developed  lcn.il  erythema 

which  measured  t  rom  1  cm .  to  b.5  cm.  In  diameter  after  24  hrs.  K.W. 
also  omplained  ot  dizziness  and  feeling  weak  shortly  alter  injection 
but  this  was  transient.  Three  of  the  volunteers  received  booster 
inject  ions  of  f reshiv  mixed  vaccine  three  weeks  later. 

Antibody  studies  are  shown  in  Table  12.  Only  one  subject,  K.W., 
showed  an  antibodv  response  to  the  group  B  pol vsarchar Ide .  Booster  j 

injections  had  no  effect  in  elevating  antibodv  titers.  • 

( 'one  In.-,  i  on  -  : 


Studies  of  group  B  polysaccharide  vaccines  iu  human  volunteers 
have  been  disappointing  in  that  antibody  rises  were  infrequent 
(Table  11).  Initially  it  was  believed  that  the  vaccine  could  he 
improved  in  terms  of  molecular  size  and  concent  rat  ion  of  ant igeni ca 1 1 y 
active  material.  This  was  achieved  by  changes  in  culture  conditions, 
but  even  the  best  preparations  were  not  satisfactory  immunogens.  When 
improved  serological  assavs  were  developed  these  results  were 
confirmed  and  antibody  responses  were  even  more  uncommon. 

Attempts  to  improve  the  immunogenic! ty  of  the  purified  poly¬ 
saccharides  bv  use  of  adjuvants  in  rabbits  yielded  very  low  grade, 
ilthough  definitely  positive  responses.  The  final  study  presented; 
ie,  influenza  and  meningoeui  cal  vaccines  combined,  provided  only  one 
leiinite  antibody  response  in  a  total  of  four  subjects,  an 
! !  u  :  i  v.  r**su  1  t  . 
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Table  12,  Group  B  meningococcal  antibod>  response  to 
inf luenza -group  B  polysaccharide  vaccine 
combination. 


An t  i body  1 1  s  t 


Serum  date 

Throat 

h  ivti  i 

Volunteer 

(week) 

culture 

La  Lex -B 

%  t»  i  nd  [  i\£ 

1 .  G .  L . 

0 

c 

I  :2 

» . 

1 

c 

i  :2 

*4  .  M 

2 

- 

*1:2 

s  J 

3* 

+ 

6 

+ 

4  ,b 

2.  E.D, 

0 

- 

*  1:2 
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1 
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•  1 :2 

2.0 

2 

- 

o.7 

3* 

- 

DJI 

4 

- 

n . . 

6 

d.d 

3.  R.W. 

0 

- 

-1:2 

12.0 

1 

- 

1:2 

1  3.H 

2 

- 

1:2 

10.7 

3 

- 

1 :4 

29.4 

4 

- 

1 :4 

ib.H 

5 

- 

1  :4 

17.3 

4.  J.P. 

0 

B 

1  : 8 

1  1  .9 

1 

B 

1:8 

13.4 

2 

Ro 

1:8 

12.9 

3* 

IS. 8 

4 

NT 

lb.  1 

5 

+ 

14.  1 

^Booster  injection 


Summary  of  group  B  vaccines  in  nan 
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There  Is  some  evidence  tna’  the  immune  response  in  man  to  group 
B  Infection  is  different  from  that  vrlth  group  C  organisms,  at  lint 
In  terms  of  antipolysaccharide  antibody.  Only  about  10  percent  of 
group  B  carriers  develop  antlpolyaaccharlde  antibodies.  Blood 
stream  Inoculation,  however,  Is  an  effective  stimulus  both  in  man 
(cases)  and  rabbits. 

These  data  suggest  cither  a  different  host  immune  mechanism  for  the 
group  B  organism  or  perhaps  an  Important  alteration  in  the  poly¬ 
saccharide  molecule  when  extracted  from  the  intact  organism. 

Ongoing  and  planned  studies  will  consider  these  problems. 
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Project  3AQ61101A91C  IN-HOUSE  LABORATORY  INDEPENDENT  RESEARCH 


lank  00,  In-House  Laboratory  Independent  Research 

Work  Unit  182,  Correlation  of  performance  aggression,  stress,  combat 
and  group  position  with  testicular  and  adrenal  secretion 

Investigators. 

Principal:  Irwin  S.  Bernstein,  Ph.D. 

Associate:  Robert  M.  Rose,  M.D. 

DESCRIPTION 


Dr.  Rose,  Dr.  Bernstein,  and  Mr.  Gordon  at  Yerkes  Regional  Primate 
Center  continued  a  systematic  evaluation  of  the  relationship  between 
plasma  testosterone  levels  and  dominance  rank  and  aggressive  behavior. 
They  demonstrated  that  exposure  of  adult  male  rhesus  monkeys  to  recep¬ 
tive  females  resulted  in  a  two  to  three-fold  increase  in  endogenous 
testosterore  secretion.  This  is  the  first  documentation  of  stimuli 
resulting  in  increased  testosterone  secretion  in  primates.  Preliminary 
evidence  also  was  obtained,  suggesting  that  exposure  of  an  adult  male 
to  a  strange  group  of  other  males  resulted  in  dramatic  suppression  of 
testosterone  which  lasted  for  many  weeks.  This  suppression  was  asso¬ 
ciated  by  withdrawal  and  a  decrease  in  motor  activity  in  the  male  who 
is  a  stranger  to  the  group.  Further  studies  were  done  on  endocrine 
responses  of  animals  subsequent  to  exposure  and  confrontation  by  two 
intact  but  separate  groups  of  rhesus  monkeys;  this  data  awaits  analysis. 

In  collaboration  with  CPI  Frank  Sodetz,  Department  of  Experimental 
Psychology,  animals  of  both  high  and  low  dominance  rank  were  studied 
during  Sidman  shock  avoidance.  This  will  provide  information  on  the 
relationship  between  aggressive  behavior,  dominance  rank,  pcrf  onrutnce , 
and  endocrine  response  under  stress. 


Project  3A061101A91C  IN-HOUSE  LABORATORY  INDEPENDENT  RESEARCH 
Task  00,  In-House  Laboratory  Independent  Research 

Work  Unit  182,  Correlation  of  performance  aggression,  stress,  combat 
and  group  position  with  testicular  adrenal  secretion 
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11  TCCMWIC  At  CtBItr  Ti  VC  *  J«  AAAMOlCI'i  it  '’tOOMU  v*t*  1*4  •-»<  %  «•»#’»**«  ••»*>  !.*.<•  •-  «• .  ■»  ••  th  tuHtr  C  ImiI  4 ( »Um  C***> 

23,  (U)  In  define,  a*udy,  diufvc&c  n!  hm.iivI  r  .ou  t)  if  potential  infectious  diseases 

of  military  dogs  in  Southeast  Asia  a»  5  other  tropnal  and  semi- 1  flip  teal  areas  of  poten¬ 
tial  mUitnr\  slgnilUance.  Th<  trujj  r  t  }  for*  i  'irecn-u  round  I  lie  cause,  pathogenesis 
treatment  and  control  oi  tropical  cat  h,*-  pan  .  t  ,ui,  win  h  h.».»  Jeopardized  the  opera¬ 
tional  efficacy  of  military  dogs  in 
epidemic]  >gy  ,  treatment  a*  v!  rout'  ) 
medical  problems  in  military  dogs. 


Ma.  '  tu.iiet  »,»».■  ilj»v>  i«*lng  conducted  on  the 
,<it  i  t  i  i  |  at  Hhi »  it  ini ect ions  which  are 


24.  (U)  Conventional  method*.  ore  on., 

microbiological  examinations,  and  ue 


/ed  tor  epidemiological ,  pathological  and 
luctdwr  s  a?*  developed  as  needed. 

2*k  (U)  70  07  •*  71  06  Tropical  on  n»*  pane*  t open ia  (T^P),  a  highly  fatal  hemorrhagic 

disease  caused  by  F.hrl  lib  1  a  can  \  r  ,  h.s  been  cespofi  si  b  1<  tor  tin-  death  of  many  US  mili¬ 
tary  dogs  in  Southeast  AsTa  Stmtie-  or  the  pirhogonlc  i  ?  y  of  rhrl  ic:hla  cants  are  Wing 
continued  tn  both  intact  and  splenecfor  zed  dogs.  let racvcline  was  shown  to  be  highly 
effective  in  the  titatn.ent  and  prevci  t  ’  on  of  T  T  Kit  i  a  struct  ore  examination  of  lung 
tissue  revealed  elementary  bodies  wi'n  tf  .  o  gei.eral  reati.res  of  rickettsiae  and 
large  particles  of  the  chlamydia  gro*  p  i  loud  Da#riot‘yie  cultures  oi  TCF  infected  dogs 
developed  typical  morulat  of  Ehrlich  a  cams  M»te.rial  frem,  sucli  cultures  produced  TCP 
In  experimental  dogs  and  infection  w<t*  t  runs  fe  rr  cJ  to  normal  monocyte  cultures.  Studies 
to  concentrate  and  purii>  this  ag»*nt  *i  .a  i  1 1:  .antigen  ait  In  pi  gtess.  In  comperstlve 
studies  Neor ic ke 1 1 s is  he Iminthoeca  h«  «  ktu  propagated  by  t he  aanit  procedure.  The 
pa t hoge nt~a f a  oT  babes ft>~ gibs oi'P  ha ^  <.  diliai* 4  in  la’:  nr^tor y  Beagles  and  studies  are 

in  progress  ro  determine  the  eifuac  l  jlIw  !,  d.ug  io  L. citing  b.  glbsoni  Infec¬ 
tions.  For  technical  report  ,  roe  Va  ffi  n  ,a  »  !•'»-»*  R^«p«rch  Annual  Progress 

Report,  1  Jul  /*1-30  Jun  /l. 
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Task  00,  In-House  Laboratory  Independent  Research 

Work  Unit  183,  Diseases  of  military  animals  in  Southeast  Asia 

Investigators: 

Principal:  MAJ  D.  L.  Huxsoll,  VC 

Associate:  LTC  P.  K.  Hildebrandt,  V1;  L.  N.  Binn,  Ph.D.; 

MAJ  M.  G.  Groves,  VC;  MAJ  J.  L.  Brown,  VC; 

MAJ  D.  C.  Zeiler,  VC;  CPT  H.  L.  Amyx,  VC; 

CPT  G.  L.  Dennis,  VC;  CPT  R.  L.  Becker,  VC; 

CPT  S.  A.  Ruark,  VC;  CPT  A.  J.  Johnson,  VC; 

CPT  J.  E.  Hooks,  VC';  CPT  R.  C.  Giles,  VC; 

E,  S.  Windham,  MS;  MAJ  D.  S.  O'Leary,  MC; 

LTC  D.  B.  Tuthill,  MC;  I.  E.  Hemelt,  AB; 

A.  R.  Warner,  Jr.;  E.  C.  Lazar,  BA; 

COL  E.  W.  Grogan,  VC 

Description. 

To  define,  study,  diagnose  and  control  known  and  potential  infectious 
diseases  of  military  dogs  in  Southeast  Asia  and  other  tropical  and 
semi-tropical  areas  of  potential  military  significance.  The  major 
effort  is  directed  toward  the  cause,  pathogenesis,  treatment  and 
control  of  tropical  canine  pancytopenia,  which  has  jeopardized  the 
operational  efficacy  of  military  dogs  in  Southeast  Asia.  Studies 
are  also  being  conducted  on  the  epidemiology,  treatment  and  control 
of  Babesia  and  other  parasitic  infections  which  are  medical  problems 
in  military  dogs. 

Progress. 

I .  Tropical  Canine  Pancytopenia  (TCP) 

The  history  of  tropical  canine  pancytopenia,  the  clinical  and  patho¬ 
logical  descriptions  of  the  natural  disease,  transmission  studies  and 
etiology  have  been  described  in  detail  in  previous  Annual  Reports.1’^ 
During  the  past  year  the  investigation  of  TCP  has  included  studies  on 
the  ultrastructure  of  the  causative  agent,  pathogenesis  of  the  disease 
in  both  intact  and  splenectomized  dogs,  chemotherapy  and  chemo-. 
prophylaxis,  tick  transmission,  and  jji  vitro  cultivation  of  the 
causative  agent,  Ehrlichia  canls. 


10G 
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1.  Pathogenicity  of  Ehrlichia  can  it. ,  the  Causative  Agent  of 
Tropical  Canine  Pancytopenia,  it  German  Shepherd  Dogs. 


Introduction 


Tropical  canine  pancytopenia  (TCP)  v;as  observed  as  early  as  1963  in 
Southeast  Asia  in  British  military  eogs  in  Singapore.-*  Between  1963 
and  1968  this  disease  was  responsible  for  the  death  of  numerous  mili- 

-i  /  r 

tary  and  privately-owned  dogs  in  Singapore  and  Ma  lays  ia  .  J  » 3  In  the 
Republic  of  Vietnam  TCP  was  first  recognized  in  1967  in  several 
Labrador  Retrievers  which  had  previously  been  trained  as  tracker  dogs 
in  Malaysia. ^  During  the  following  year  an  epizootic  of  the  disease 
occurred  in  Vietnam  among  German  Shepherd  dogs  which  had  originated  in 
the  United  States.  To  date  over  20(  l’.S.  military  dogs  have  died  of 
the  disease  in  Southeast  Asia.  TCP  nas  also  been  reported  in  military 
and  pr i vatr iy-owned  dogs  in  the  Car  bbea o  .  '  * ^ 


Specimens  from  affected  dogs  from  g(  ograph ica  1  ly  isolated  areas  in 
Southeast  Asia  as  well  as  Puerto  Ri(o,  the  Virgin  Islands,  Florida, 
and  Panama  were  used  to  transmit  the  disease  to  laboratory  dogs. 
Ehrlichia  canis,  a  member  of  the  farilv  R  i  c  k  e  1 1  s  ia  c  ea  e  ,  has  been  identi¬ 
fied  as  the  etiologic  agent  of  TCP.  Transmission  studies  provided 
preliminary  evidence  that  German  Shepherd  dogs  experimentally  infected 
with  the  agent  developed  signs  of  d:  sease  identical  to  those  of  the 
natural  disease;  whereas  the  disease  in  the  experimentally  infected 
Beagle  was  milder  and  clinical  signs  of  hemorrhage  were  not  observed. 

The  current  study  was  initiated  to  determine  the  pathogenicity  of 
Ehrlichia  canis  in  mature  and  young  German  Shepherd  dogs. 

B.  Materials  and  Methods 


Two  groups  of  German  Shepherd  dogs  \.ere  used  in  the  study.  The  first 
group  consisted  of  11  mature  dogs  2-3  years  of  age,  and  the  second 
group  was  made  up  of  6  immature  dogs  12-14  weeks  of  age.  The  dogs 
were  inoculated  intravenously  with  ml  of  whole  blood  collected  in 
sterile  sodium  citrate  from  a  commoi  donor  dog  infected  with  Ehrlich ia 
canis .  In  the  first  group  8  dogs  w<  re  infected  and  3  were  retained 
as  uninfected  controls.  In  the  sec<  rid  group  4  were  infected  and  2 
were  used  as  controls. 

Two  weeks  of  baseline  data  were  collected  on  each  dog  prior  to  inocula¬ 
tion.  Each  dog  was  examined  and  it;  temperature  recorded  daily.  Blood 
was  collected  twice  weekly  for  tfBC,  RBC,  PCV,  hemoglobin,  erythrocyte 
sedimentation  rate,  differential,  SGPT ,  HUN  t  thrombocyte,  bilirubin 
and  reticulocyte  determinations.  Ii  addition,  blood  was  taken  weekly 


to  r 


tor  coagulation  studies.  Serum  was  collected  once  a  week  for  serum 
protein  studies  and  serologic  examinations.  Each  dog  was  weighed 
twice  weekly.  done  marrow  specimens  were  taken  periodically.  When 
possible  urine  was  collected  for  routine  urinalysis  and  urobilinogen 
studies.  Standard  procedures  were  used  in  all  tests.  A  complete 
necropsy  was  performed  on  all  dogs  that  died  and  dogs  that  were  des¬ 
troyed  at  tlie  term  nation  of  the  study. 

C.  Results 


Analysis  of  results  has  not  been  completed.  All  infected  dogs 
developed  a  conjunctivitis  accompanied  by  an  ocular  and  nasal  discharge 
Other  consistent  clinical  signs  were  pyrexia,  anorexia  and  weight  loss 
liable  1).  Anemia,  leukopenia  and  thrombocytopenia  characterized  the 
infected  dogs  (rig.  1-5).  A  high  erythrocyte  sedimentation  rate  was 
also  cliarac  ter  i  st  ic  of  the  disease.  Most  dogs  showed  an  elevation 
of  SGPT  during  the  course  of  the  disease*;  however,  no  alteration  was 
noted  in  HUN.  During  the  course  ot  the  disease  an  increase  in  reticulo 
cytes  was  noted  in  all  dogs. 

The  variation  in  response  of  individual  dogs  is  evident  in  the  extent 
of  fluctuation  in  red,  white  and  thrombocy te  count,  relapses  and 
length  of  time  between  inoculation  and  death.  Some  dogs  showed  no 
evidence  of  recovery  from  the  initial  phase  of  the  disease  and  died 
as  early  as  60  days  post  inoculation  (Fig.  1).  Other  dogs,  as*  illus¬ 
trated  in  Fig.  2,  showed  an  early  drop  in  red,  white  and  thrombocyte 
counts,  followed  by  a  return  to  near  normal  values  and  then  relapsed 
with  a  severe  recurrence  of  earlier  signs.  A  few  dogs  as  illustrated 
in  Fig.  4  showed  early  signs  but  tended  to  recover,  and  when  the  study 
was  terminated  147  days  post  inoculation,  blood  values  were  near  normal 

D.  Discussion 


The  thrombocyte  count  appeared  to  be  a  sensitive  indicator  of  the 
status  or  prognosis  of  the  disease.  In  all  instances  there  appeared 
to  be  a  sharp  drop  in  thrombocyte  count  early  in  the  disease.  The 
slope  of  the  cutve  suggests  a  complete  cessation  in  production  or 
release  of  thrombocytes  in  the  hone  marrow,  however,  the  fact  that  all 
dogs  showed  an  increase  in  the  reticulocytes  provides  evidence  that  the 
ervthroid  elements  of  tne  bone  marrrw  are  functional.  In  addition, 
increases  in  white  cell  counts  observed  in  many  of  the  dogs  suggest 
the  myeloid  element*  are  also  functional. 

The  mechanism  wrvr„jby  b  <  mepoio  t  i  c  system  is  altered  by  the 
.o'.  { :>  still  u  mb*  Study. 
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Table  1. 

Signs 

Sunmary  of  Clinical  Signs  in 
Experimentally  Infected  with 

Mature 

German 

Shepherd 

German  Shepherd  Dogs 
Ehrlichia  canis 

Young 

German 

Shepherd 

Ocular  &  Nasal 

Discharge 

8/8 

4/4 

Weight  Loss 

8/8 

4/4 

Death 

5/8 

4/4 

Epistaxis 

5/8 

1/4 

Melena 

7/8 

0/4 

Septicemia 

2/8 

1/4 

Vomiting  & 
Diarrhea 

1/8 

1/4 

Skin  Lesions 

2/8 

0/4 

Hematuria 

1/8 

0/4 

Hyphema 

1/8 

0/4 

Corneal  Opacity 

1/8 

0/4 

* 

Edema 

1/8 

0/4 

ic 

Hind  limb  &  scrotum 
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Fig.  1  Thrombocyte  count,  leucocyte  count,  packed  cell  volume, 
and  percent  rrticulocytes  of  a  mature  German  Shepherd  following 
inoculation  with  Ehrlichia  canls. 
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Days  Post  Inoculation 

Fig.  3  Thrombocyte  count,  lsukocyte  count,  packed  cell  volume, 
and  percent  reticulocytes  cf  a  mature  Qerman  Shepherd  following 
inoculation  with  Shrlichia  oanls. 
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Di>ya  Post  Inoculation 


Fig.  L  ThrombccyU  count,  leukocyte  count,  packed  cell  volume, 
and  percent  reticulocytes  -  f  a  mature  German  Shepherd  following 


tnocula tj  on  wit!  Shrlichia  canis. 
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2.  Pathogenicity  of  Ehrlich ia  canis  in  Newborn  Beagle  Pups 


A .  Int roduct ion 

9 

In  endemic  areas  TCP  is  most  often  observed  in  aged,  purebred  dogs. 
Information  is  lacking  on  the  disease  in  the  very  young  puppy.  It 
has  been  speculated  that  the  disease  in  the  young  puppy  may  be  less 
severe  and  often  not  recognized.  Such  findings  would  have  epidemio¬ 
logic  significance.  The  study  was  initiated  to  determine  the  patho¬ 
genicity  of  E.  canis  infection  in  young,  nursing  puppies. 

B .  Materials  and  Methods 


A  litter  of  5  Beagle  puppies,  /  days  of  age,  was  used  in  the  study. 
Three  puppies  were  inoculated  intravenously  with  blood  collected  in 
EDTA  from  an  acutely  affected  dog.  The  remaining  puppies  were 
retained  as  controls.  Baseline  data  were  collected  prior  to  inocula¬ 
tion.  Each  cfcg  was  examined,  weighed,  and  rectal  temperature  recorded 
daily.  Blood  was  col  lected  twice  weekly  for  WBC ,  RBC,  PCV ,  hemoglobin, 
and  erythrocyte  sedimentation  rate.  Peripheral  blood  smears  were 
prepared  twice  weekly. 

C .  Results 


All  inoculated  pups  had  a  severe  nasal  and  ocular  discharge  11  days 
post  inoculation.  Clinical  signs  of  anemia  were  evident  at  14  days. 
This  correlates  with  the  low  packed  cell  volumes  of  the  infected  dogs 
14-21  dogs  post  inoculation  (Fig.  6).  The  infected  dogs  also  showed 
a  severe  leukopenia.  During  tie  course  of  disease  the  infected 
puppies  gained  little  as  compared  with  the  uninfected  controls  which 
showed  a  normal  weight  gain  (Fig.  7).  During  the  acute  phase  of  the 
disease  morulae  of  E.  canis  could  readily  be  demonstrated  in  peripheral 
blood  smears. 

D.  Discussion 


The  pattern  of  disease  in  the  newborn  Beagle  puppy  is  similar  to  that 
observed  in  experimentally  infected  mature  Beagle  dogs.  The  signs 
of  anemia  and  the  nasal  and  octlar  discharges  could  easily  go  unrecog¬ 
nized  in  natural  infection.  The  difference  in  weight  gain  is  more 
evident.  Many  natural  infect  ic  ns  of  E.  canis  in  adult  Beagle  dogs  are 
not  recognized.  Although  the  cisease  *  more  severe  in  the  young 
Beagle  puppy,  it  mimics  other  ruppy  diseases  and  a  specific  diagnosis 
of  E.  canis  may  not  be  made. 
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Packed  Cell  Volume/100  ml  Blood 
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Pig.  6  Packed  cell  relume  of  newborn  beagle  pups  following 
inoculation  with  Ehrlichia  cares. 
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Pa  thogt  nic  i  ty  of  Ehrlichia  car  is  in  Sp lenecLomized  Dogs. 


3. 


A  .  1 1 ijj.  odn cjL  1  on 

Thu  liomoi  i  Pa  g  >  c  signs  oi  TCP  are  associated  with  severe  tihrombocy  topenia  • 
In  dogs  with  tpistuxis  tht  platelet  counts  are  often  i  clow  5000/cu  mm 
ot  blood  and  in  many  instances  no  platelets  are  observed.  In  dogs  with 
thrombocytopenia  purpura  removal  <  f  the  spleen  will  cause  the  platelet 
(fonts  to  t  L'turn  t  nornvii.  Splenectomy  has  been  used  in  treating 
hemorrhage  in  dogs  with  TCP.  However  controlled  studies  in  splenec- 
tomi/ed  dugs  have  not  been  dom  . 

A  study  was  initiated  to  determine  not  only  the  pathogenicity  of 
h.  con  is  intact  ion  in  dogs,  but  also  the  etiect  of  splenectomy  on 
tin;  severe  hema t o  1  ogica L  changes  wiich  occur  in  the  course  of  this 
d iseas e . 

B  *  Efote  rials  aiui  Methods 

Four  derma n  Shepherds  and  four  Beatles  were  used.  Two  of  the  German 
Shepherds  and  two  of  the  Beagles  w.ue  splenec tumized  while  the  other 
two  in  each  group  wen  left  intact.  The  baseline  data  were  collected 
for  39  clays  at  which  time  the  nornal  WBC ,  BBC,  PCV ,  ESR,  thrombocyte 
count,  hemoglobin,  SGPT  Levels,  BU levels  and  temperatures  were 
determined  for  ea^h  dog  (Table  2). 

All  eight  dogs  wore  inoculated  with  5  c c  of  whole  blood  from  a  Beagle 
which  was  in  the  acute  phase  of  TC  \  Temperatures  were  taken  daily 
for  the  first  9  days,  twice  daily  for  the  next  10  days,  and  daily 
thereafter.  The  dogs  were  hlo.J  thr*ee  times  weekly  and  the  following 
were  determined:  WBC ,  RRC,  PCV,  FSR ,  thrombocyte  count,  hemoglobin, 

SGPT  and  BUN  U  ve.ls  . 

Six  days  after  splenet  corny,  the  thrombocyte  counts  increased  nearly 
3-4  fold  in  the  Beagles  and  1!  told  in  the  German  Shepherds. 

C.  *  R  esuits 

Following  inoculation  the  two  inta:t  German  Shepherds  and  one  of  the 
spk  nec.Lomized  Beagk  s  showed  secondary  infections.  One  intact 
Shepherd  {^423  14  dava  post  inocul  nion  developed  an  anal  gland  abscess 
that  healed  completely  by  the  37*h  day  with  no  treatment.  The  other 
intact  Shepherd  -43)  developed  a  severe  case  of  spirochetal  trench 
month,  2  3  days  p.*st  in*caiation  and  was  treated  with  furacin  and  27Q 
iodine  solutions,  T:u  moutii  still  showed  some  aiild  inflammation  115 
lavs  post  inoculation.  All  dogs  developed  nasal  and  ocular  discharge 
it  17  lavs  which  v3.car»*fl  up  in  aLl  except  Beagle  270,  by  30  days  post 
ip  vilatinn.  Sp l euoc  r  .vmi/cd  Beagl  270  showed  signs  of  an  upper 
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respiratory  infection  at  15  days  which  subsided  without  treatment  by 
59  days  post  inoculation. 

On  the  11th  day,  all  dogs  were  considered  infected  when  the  morula 
stage  of  Ehrlichia  canis  was  found  in  monocytes  from  a  capillary 
smear.  The  morulae  were  observed  in  monocytes  up  to  66  days  post 
inoculation,  but  were  not  seen  in  capillary  smears  after  day  66. 

Two  to  4  days  post  inoculation  there  was  a  sharp  decrease  in  the 
platelet  counts  of  the  intact  dogs,  whereas  the  splenectomized  dogs 
showed  no  decrease  until  the  seventh  day  (Fig.  8-11).  The  low  point 
in  the  splenectomized  dogs  during  the  acute  phase  occurred  at  the  11th 
day  post  inoc  ilation  with  a  sharp  rise  on  14-18  days.  The  intact 
group  reached  a  low  point  on  the  1.4-  18th  days  post  inoculation  but 
have  not  demonstrated  a  sharp  rise:  except  for  German  Shepherd  #43. 
German  Shepherd  43  demonstrated  a  sharp  rise  at  the  56th  day  and  has 
maintained  counts  within  the  norm.  1  range. 

All  dogs  showed  a  decrease  in  the  VTBC,  RBC>  and  PCV  but  the  degree  of 
decrease  was  less  in  the  splenectomized  dogs.  All  showed  nearly  the 
same  amount  of  increase  in  ESR  although  the  rise  was  delayed  in  the 
splenectomized  dogs  by  12-14  days. 

BUN  levels  remained  normal  in  all  dogs,  whereas  the  SGPT  levels  showed 
slight  elevations  in  all  dogs  beginning  approximately  at  11  days. 

Two  of  the  German  Shepherds  died.  One  was  splenectomized  and  one  was 
intact.  Th<.  intact  dog  died  72  deys  post  inoculation  with  epistaxis. 
Internal  hemorrhages  were  marked  in  the  intestine,  mesenteric  lymph 
nodes,  kidney,  spleen,  liver,  and  lungs.  The  splenectomized  German 
Shepherd  died  102  days  post  inoculation  showing  epistaxis  and  internal 
hemorrhages.  The  intact  dog  lived  12  days  with  a  platelet  count  of 
zero,  the  WBC  dropped  :o  410  cells,  and  the  PCV  was  9%.  The  splenec- 
toraized  dog  had  a  platelet  count  of  5000  which  had  been  under  10,000 
for  14  days,  the  WBC  was  3400  and  the  PCV  was  30%.  No  deaths  have 
occurred  in  the  Beagles. 


Further  studies  are  in  progress. 
D .  Discussion 


At  onset  of  infection , Che  splenectomized  dogs  all  had  higher  platelet 
counts  than  the  intact  dogs.  However,  all  dogs  showed  a  sharp  decrease 
in  platelets.  This  decrease  may  be  due  entirely  to  an  alteration  in 
the  production  or  release  of  platelets. 

Soon  after  the  initial  sharp  decline,  the  splenectanized  dogs  all 
demonstrated  a  sharp  rise.  The  intact  dogs  remained  low  with  one 
exception.  In  this  case,  the  intact  dog  demonstrated  a  sharp  rise  on 
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Fig.  9. 


Throrobocvtt  and  leukocyte  counts  in  intact 
German  Shernerds  inoculated  with  Ehrlichia  canis. 
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day  56  as  ou mpared  fr  day  14  fin  the  spl  ent* n r  onn  zed  dons. 

Due  to  tin-  low  ,  anemia  ami  na  n\n u  r.t  >.  ,  oni.ar  ,  :  licctiops  are 
characteristic  In  TCP  .  Tin  .?. ^  tali'  .  icv**i  J  a  f1  .  :• “>us :. »  a  i»  that 
the  dogs  stil  l  nave  tin-  ability  to  t  *po..a  l*  a •:  nclat)  invade  is. 

4  •  Electron  Mi  cu  os  cop  i  c  E  a  a  m  i  na  t  i  o n  o  i.  I  It  i  >  1  i  yhjyi  ea  1 1  i  ,  tic 
Causal  1  vu  A  gen  t  o  f  TjTIP 

A  .  In  t  roduc  t  if  on 

Ehrlichia  canis,  the  causative  uranism  of  TCP  is  characterized  by 
the  int  racy  top1,  asmic  inclusions  whirl)  if  produces  in  circulating  mono¬ 
cytes,  lymphucy  tes  and  r.ir^lv  nut v  oph  \ }  t:  „  Blood  films  prepared  from 
acutely  ill  clogs  and  stained  with  any  uf  fl  *.  i'nnanovsky  stains  usually 
cotitain  mononuclear  cells  wit!,  s-lru  l e  «  r  no  Mp’c  morula-like  colonies 
whi  ch  apparently  consist  of  aggregates?  f>  taller  ch  ".c-ntary  bodies. 
Although  these  morulae  can  he  demons trat  e.l  rare  teadi  Jy  in  impression 
smears  prepared  from  lung  tissue,  the  true  origin  of  these  infected 
mononuclear  cells  and  the  site  <f  multiplication  have  not  been  well 
es  tubl ished  a 

Ehrlich  in  canis  has  been  included  in  the  lamily  Ri ckot  tsiaccac  on  the 
basis  of  its  morphologic  characteristics  ana  arthropod  transmission. 

The  organism  has  not  been  adequately  compared  to  other  microorganisms 
within  the  group.  All  observations  have  been  mad*  by  means  of  light 
microscopy  which  dor;  not  suffice  in  disclosing  the  true  structure  of 
the  agent.  Electron  microscopy  has  been  hiinprred  by  the  tact  that 
the  organism  has  not  b*  en  grown  in  any  host  system  other  than  the 
clog  and  attempts  to  concentrate  the  organ  i  n .  I>  j;n  dog  tissues  have 
been  unsuccessful.  Early  in  the  course  of  the  disease  snail  blood 
vessels  in  the  lungs  often  contained  mimtu  infected  mononuclear 
celLs.  In  the  lamina  of  these  siroe  vessels  organisms  we^e  found 
frequently  in  what  appeared  to  te  .s  lough  inv  udothe 1 i a  1  cells.  It 
became  apparent  that  the  number  of  lrfert  -u  »;  1 )  s  n  t  h  tU  arras 
might,  permit  election  uwcrosiopi  Mud 

B .  Materials  and  Methods 

A  young  adult  Beagle  dog  was  Inoculated  with  10  ml  ot  who  It  blood 
collected  in  ED1A  iron  an  e ,  At  i  lavs  post  inoculation 

when  eariy  signs  of  infection  w  re  evident  :  ie  dog  w«is  killed.  The 
lungs  were  removed  and  perfused  vi  t.h  glut/*  ra  1  dohyd*  .  Multiple  sections 
of  the  lungs  were  made  and  stains  wito  o./itul*  \yl:n  and  main  to  deter¬ 
mine  areas  of  high  concentration  of  tnlh  i  u  m*  u-m  tricar  cells. 

Opposing  surfaces  of  fixed  lung  :onf a i rung  ♦nimer.'-u,  into  ted  cells  were 
selected  for  electron  mtcroscopi~  examination.  The  tissue  was  processed 
by  standard  methods  and  after  si  lining  wi  i  h  J  I  b.  in  k  (.;)!»  was  examined 
in  a  Siemens  KLmiskok-lA  electrm  mi  r<uu'!  .  nt  >  hv. 


C.  Results 


Elementary  bodj.es  of  Ehrlichia  eanii  were  detected  in  endothelial 
cells.  The  round  to  ovoid  particle*!  ranged  in  size  from  0.5  u  to 
1*5  u  and  were  enclosed  in  a  membrane - 1 ined  vacuole  adjacent  to  the 
nucleus  ot  the  host  cell.  In  some  instances  the  vacuole  membrane  was 
not  discernible.  The  number  of  par’  ides  in  each  vacuole  ranged  from 
2  to  40;  however,  this  is  dependent  on  the  manner  in  which  the  vacuole 
is  sectioned.  Each  particle  or  elementary  body  was  bound  by  two 
distinct  membranes,  each  of  which  vis  tri -layered .  The  outer  membrane, 
the  cell  wall,  tended  to  be  rippled  while  the  underlying  plasma  membrane 
appeared  to  be  fused  to  the  underlying  constituents  of  the  particle. 

The  inner  structure  of  each  particle  consisted  of  dense  and  pale  areas 
intermingled  with  each  other.  The ’more  dense  areas  contained  riboscme- 
1  ike  granules . 

D  .  D  iscuss ion 

This  is  the  first  reported  electron  microscopic  observation  of  E*  canis . 
The  ultrastructure  of  the  organism  .s  similar  to  that  which  has  been 
described  for  the  rickettsiae  and  1  irge  particles  of  the  Chlamydia 
group . 10 

It  is  apparent  that  the  inclusions  or  morulae  observed  by  light  micro¬ 
scopy  consist  of  a  group  of  individual  elementary  bodies  within  a 
cytoplasmic  vacuole.  A  cycie  of  development  similar  to  that  which  has 
been  described  for  the  Chlamydia  was  not  evident  in  this  study;  however, 
only  a  limited  number  of  observations  were  made  and  all  specimens  were 
taken  t rom  a  single  dog,  10  days  post  inoculation.  Determining  the 
t  rue  cycle  of  development  may  await  electron  microscopic  studies  of 
infected  cells  grown  in  cell  culture  systems. 

5 .  Prophylactic  and  Therapeutic  Va  ues  of  Tetracycline  on  TCP. 

A.  Introduction 


Ehi )  ijch  ia  canis ,  the  causative  agen  of  TCP,  has  been  identified  in 
dogs  in  diverse  geographical  areas.  In  Southeast  Asia  as  well  as  in 
other  areas  of  potential  military  s  gnificance  the  utilization  of 
military  dogs  is  dependent  on  establishing  means  of  testing  and  con- 
? roiling  this  disease. 

Antibiotics  as  well  us  sulfonamides  lave  been  used  in  attempts  to 
treat  Ehrlichia  canis  infection.  Carmichael  and  Fiennes^  reported 
that  sulfapyridinti  was  effective  in  treatment  of  the  disease.  Malherbe^ 
found  penicillin  to  be  ineffective  although  he  reported  good  results 
with  sulfamethazine.  Later  Bool  and  Sutrooller^  reported  sulfapyridine 
and  sulfamethazine  to  be  effective  during  the  early  stages  of  the 
dirt.isu.  Buckner  and  Ewin&w  round  chloramphenicol  and  oxytetracycline 

i  ‘m; 
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to  he  efficacious  in  treating  tin  «li  t\*n  <•,  -i.fi  l.*rrcll'j  has  suggested 
that  drugs  effective  in  treating  fV  ...!,  i  ■  sir*,  ing  complex  are 
effective  in  treatment  of  canine  eiui  «:  h‘.a:  Most  investigators, 

however,  agree  tint  relapses  occur  .*n  i  rn4*-i  -  h-is  prusist  following 
L  rea  tnuait . 

Tetracycline  was  reported  to  he  .m  ft  i  -  in  i  i  ca  ing  early  stages 
of  TCP  in  military  dogs  ir:  Southeast  vsju.  In  addition,  preliminary 
laboratory  studies  showed  that  ti trac  <  1 i m  ,  administered  prophyl- 

actically,  will  prevent  infection  wjLh  Kb  rlj  m  ia  c  ani s .  Based  on  these 
observations  the  efficacy  of  tetracycline  as  a  chemotherapeutic  and 
chemoprophy lactic  drug  was  examined  ii  nut  oiled  laboratory  studies. 

B .  Materials  and  Methods 

The  isolate  of  Ehrlichia  can  is  used  1  \  this  smmiv  was  recovered  from 
a  German  Shepherd  dog  with  typical  si  us  «>f  TCP  in  Southeast  Asia. 

The  organism  has  been  maintained  by  blood  passage  jn  laboratory  Beagles. 
The  inoculum  for  each  dog  consisted  •  f  ')  in!.  of  whole  blood  collected 
in  EDTA  from  a  laboratory  Beagle  acut  Gy  ill  i  t  h  the  disease.  The 
inoculum  was  determined  to  he  [u  o  ,  f  iuh  ■:  ;  u  tr  1  Hemohar  t  onel  la  by 
passage  in  splenectomized  dogs. 

Purebred  Beagle  and  German  Shepherd  cogs  of  b«‘tb  sexes  were  used. 

Each  dog  received  distemper,  hepatitis  leptospirosis  and  rabies 
vaccinations  according  to  the  standard  r<u  ommonda Lions . 

All  experimental  dogs  were  examined  n<J  n  il  !  temperatures  recorded 
daily.  Three  times  per  week  10  ml.  of  blood  were  collected  in  sealed 
vacuum  tubes  containing  ethylene  diun  i  >_•*  t  ,  ■- a  ic  a  c  i  d  (EDTA)  for 
clinical  laboratory  examination.  \  I  inhorur  v y  tests  were  conducted 
within  1  hours  after  specimens  wc  re  <  11  s  i'-!,  While  and  red  blood 

cell  counts  were  determined  with  m.  <  he*  n  •  ceLl  counter.  Thrombo¬ 
cyte  counts  were  made  with  a  phast  .<  niiast  microscope.  A  standard 
micro-hematocri  t  centrifuge  was  used  for  a !  1  PCV  determinations# 
Hemoglobin  determinations  were  made  Iv  f r  w  "v  .etheinoglohin  method. 

The  Wintrobe  tube  was  used  for  ch  teir?-.  ir'op  f  ervthiocvte  sedimentation 
rates.  Urograph  was  employed  for  dtii-rminaf  ion  of  BUN,  and  SGPT  deter¬ 
minations  were  made  by  the  modi  fit u  !  t  i  r«  n  -Vmrkel  method.  Capillary 
blood  smears  were  stained  using  Cions:  a  and  Mav-Grunwald  Gicmsa  methods. 

Tetracycline  HC1  in  tablet  fonn  wvu-  \  s.  rl  i’  s  1  I  studies. 

Experimental  Design  of  The  rape  -  u  tj  ■  ^  i  \ 

Thirteen  adult  laboratory  Beagles  am  s  *U  i  Id  German  Shepherds 

were  divided  into  2  groups:  a  treat  1  *  'u.-m  sting  of  10  Beagle 

and  3  German  Shepherd  dogs;  md  an  u  f  it  l  »•  \  \  r<  3  Beagle  and  3 

German  Shepherd  degs.  Ail  J  , »  5  •  » n\ op.ousl  with  5  ml. 

1  ■'  . 


of  whole  blood  collected  in  EDTA  from  an  acutely  til  dog.  Treatment 
was  initiated  after  all  dogs  had  a  rectal  temperature  of  104°F  or 
greater,  and  were  showing  altered  hemograms.  This  was  14  dayo  post 
inoculation  in  the  Beagles  and  13  da>s  post  inoculation  in  the  German 
Shepherd,  Each  treated  dog  received  30  mg.  per  pound  of  body  weight 
of  tetracycline  HC1  daily  for  14  day;.  .  The  tetracycline  was  adminis¬ 
tered  orally  in  a  divided  dose,  half  in  the  morning  and  half  in  the 
evening.  Thirty  days  after  the  last  day  of  treatment,  20  ml.  of  blood 
wa.f  collected  in  EDTA  from  each  dog  with  the  exception  of  5  treated 
and  2  untreated  Beagles.  The  blood  was  inoculated  intravenously  into 
susceptible  laboratory  Beagles  to  determine  the  infectivitv  of  each 
dog.  Ninety  days  after  the  last  day  of  treatment  blood  was  collected 
from  the  remaining  dogs  and  sub inocul ated  as  above.  All  treated  dogs 
cleared  of  the  infection  were  reinoculated  with  the  homologous  strain 
of  Ehrlichia  cants  to  determine  susceptibility  to  reinfection. 

Experimental  Design  of  Prophylactic  ::'tudy 

Ten  young  adult  Beagle  dogs  were  used  in  the  study.  Eight  were  admin¬ 
istered  tetracycline  prophylact ically  and  2  dogs  were  held  as  untreated 
controls.  The  tetracycline  was  administered  daily  in  a  single  oral 
dose  at  the  rate  of  3  mg.  per  pound  of  body  weight.  Treatment  was 
initiated  1  week  prior  to  challenge  and  was  continued  1  month  after 
challenge.  All  dogs  were  inoculated  with  5  ml.  of  whole  blood  collected 
in  EDTA  from  an  acutely  ill  dog.  Each  dog  was  monitored  carefully  for 
30  days  after  tetracycline  was  discontinued.  Five  ml.  of  blood  were 
then  collected  in  EDTA  from  each  dog  and  were  inoculated  intravenously 
into  susceptible  laboratory  Beagles.  All  protected  dogs  were  reinocu¬ 
lated  with  the  homologous  strain  of  Ehrlichia  canls . 

C .  Results 

Therapeutic  Study 

All  dogs  developed  3igns  of  disease  within  2  weeks  following  inoculation. 
The  signs  included  pyrexia,  anorexia,  conjunctivitis,  elevation  of  the 
erythrocyte  sedimentation  rate  and  a  lowering  of  the  red  cell,  white 
cell  and  thrombocyte  counts  (Fig.  12-15).  Morulae  of  Ehrlichia  canis 
were  demonstrated  in  monocytes  in  capillary  blood  smears.  Twenty-four 
hours  after  initiation  of  tetracycline  therapy  the  rectal  temperature 
of  the  treated  dogs  had  returned  to  normal  (Fig.  14  6c  15).  During 
the  following  two  weeks  the  hemograms  of  the  treated  dogs  returned  to 
normal  while  the  untreated  dogs  continued  to  show  severe  hematological 
s igns  (Fig.  12-15) . 

Following  the  acute  stage  of  the  disease  the  red  cell  and  white  cell 
counts  of  one  untreated  German  Shepherd  (Fig.  12)  returned  to  normal. 
Approximately  75  Jays  post  inoculation  a  relapse,  characterized  by  a 
reappearance  of  earlier  signs,  was  noted  in  this  dog.  The  dog  died 
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Fig.  12  Rectal  temperature,  th.:  ombocjrt*.  count,  leukocyte  count, 
hematocrit,  and  erythrocyte  be<Lmentation  rate  of  an  untreated 
6-month  old  German  Shepherd  dog  fol loving  inoculation  with 

canij.  Dog  died  with  epipiax?  3  88  days  post  inoculation. 
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Fig.  13  Rectal  temperature,  thnmbccyte  count,  leukocyte  count, 
hematocrit,  and  e*7thro''yte  sedimentation  rate  of  an  untreated 
o-month  eld  German  Shepherd  dog  following  intravenous  Inoculation 
with  Ehrlichia  cauls . 
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Pig.  14  Hectwl  reapers ture,  thrnobocyte  count,  leuxccyt*  count, 
hematccrit,  aru  *.rythrr  cyte  sedimentation  rule  of  t  treated  6-month 
old  German  Shepherd  d  c  t-il-vinr  intrnven  un  inorulitlon  with 
fchrlichja  cam  l  A'lrv.nlstrs’ion  tetracycline  wug  Initiated 
13  riaye  pr»#t  i rs .  c  *  .  u  and  r  n  tinned  t  1*.  ^.ys.  Dog  vat 
reinocualted  v4  ih  yr i^chia  ajl4j  cn  day  86, 
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Kig.  1^  he cctl  temperature,  V;  <.at  cy  to  *:ount,  leukocyte  count, 
heflv*  t,  crit*  and  eryttrc  ytv  *.cd  iiief.tn  ti  ;j  rite  of  a  treated  6-»onth 
i.id  G*mn.n  Shepherd  fcllrvlif  irtraytncup  inoculation  with 
Ehr  I :  chla  can!  f  .  *.d  jii.irt :  >  t  j  t 1  :f  tetmcycline  was  initiated 

yc.c‘ t  i..^--ul«  'ion  iinc  coitiuu'd  for  l.«  days.  Dop  was 
rt  :i  :  'ul.ttv  Shrl 1  of- la  cuni  i  wn  Jay  80, 
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with  signs  of  heinor  rea /•*  WH  Jnvs  post  i  iioc  i :  1 .1  ♦  i  •  .  P- mm  v»*  io.it  tlu* 
infect,  ion  the  t  hromboc vt/  count  retrained  extremely  lew  and  at  t  tie 
time  ni  death  thrombocyte;  conic  not  be  detected  in  the  blood.  The 
red  ell  and  white  r»*ll  c.-’nts  of  n  second  unticntid  u  nnan  Shepherd 
»Tia.  1')  ‘/radial)1,  retire...;  r ,  nc:r  r.e.nwil  dvm  a  »>0  :a  ,  pcrxod; 
howcvi*  >•,  during  this  :  im  !  i  ile  episodes  w-*’*e  .  :  i  !  tin*  thrombo¬ 

cyte  counts  renamed  o**pi .  ssed. 

With  f'»i  except  n**'  of  Beagles,  the  treated  h\/s  sh-wea  no  eV’uence 

of  n  r  c  *  .4  pse  followinv  treatment  (Fig.  1A  13).  die  2  ibn/les  relapsed 

approximately  one  month  juu:  treatment,  nod  tin  r.luy  •  s  is  in  the 
case  of  the  untre.i*/  i  A?  man  r'ln  niierd,  w<  r.  diaiai  i/.eii  1  a  reappear¬ 
ance  o;  re  r  !  i  r  si/r*  .  .  Kb r  1  i  djj  a  i  an i s  was  :  a •  c<  ’•*  -  rd  :  >■.  ••  r  ‘ i •  blood  ol 

these  2  KeagLr.s  ly  inoculation  cl  s  usc**p  t  i  h  1  <  J  n.s,  'P.i  «/  itanisni  was 
ivM  :  f;t  ov<  red  Iron  !  iu  >lr  >d  ol  tin*  13  treated  dor;  which  showed  no 
evidence  of"  ^elapse  No  fir*r»  aces  were  ivu  rl  vtw.u  n  tin  roup  if 

Measles  s.ibino.al.'t'  it  jO  lavs  and  the  gp  up  re  *•  i  nn< :u  I  a  t .  i  d  at  bO  days, 

bach  rpujp  contained  J  dm;  whim  remained  intected. 

Al1  dugs  cl  call’d  ol  tor  j1  s  ;  cspnndi  :  <  -  r  i  l  ;.oc  u  ..a  l.  i  on  with  the 

homologous  strain  d  □  \ r 1 i  d i  i a  c  in  i s  (F;  1  A  \  la).  The  second 

infection  was  oqualh  .is  s»  von*  is  *  hr  uid  j  n  t  ra  i.y  t  op  1  asm  ic 

inclusions  of  hh  rl  ich  i  a  (  ai.  i  s  wt  n*  "a.M  1\  demons  tra  ted  in  capillary 
bLood  smears  of  all  reinfected  d  >gs. 


'  lu<_  L  lc  Study 


Tetracycline  admi  ni  st  on  a  h  i  ]  „  it  the  rate  ni  3  ing*  pet  pound  ol  body 
weight  pro  tec  leu  all  lo,  i  infection  wit!  Kb  r  1  \  ch  ia  ca  n  i  j  ,  whereas 
untreated  dogs  levr1  n<  u  *  pi  cal  signs  o  f  the  li  sense.  Tho  organism 
could  not  he  r.!u’\  \  •  om  the  >lood  of  treated  dogs  jO  d  ivs  after 

the  tetracycline  i  somt  i  nue  1 ,  and  the  dogs  remained  tullv  sus- 

ceptible  to  in:*  will.  tlu  h  >1.10  logons  sttain  of  Kh  r  i  i  c  h  i  a  can  i  s  . 


I).  Discussion 


The  t*esn  i  ‘/use  s!  ikjics  indicate  t)iat  telracvclir.e  •  I C  1  is  an 

effect)  vi  "fi<  apt  nt  tor  mo  me  ehrlichiosis  and  fui  most  of 

the  t  rea  *  ,  V(  •  h*'ifed  n  r  the  infection.  Tk  us  i  f  t  et  rucyc  1  i  ne 

HCl  in  trea;  mg  Eh  r  1  i  ctn  a  cin  is  ,  which,  is  classified  i.  the  orth  r 
Rickettsial'S,  had  net  beer  repo 'fori  until  recent  lv  wlo  n  'Aihi1:  and 
co-wori«  is1,  found  re:*  a  veiitn  t  >  he  effective  ni  treating  early  stages 
of  '1CF.  Mowevet  t  !V*s.*  ;n\**st  igltnrs  trade  their  observations  on  lield 
cases,  and  tollowup  siaiies  were  nut.  done  tr'  determine  il  the  dogs  had 
been  c  hated  ol  tne  :  n  f  ect  i  on  . 


The  t  o  t  r-ievv  1  i  r.t  .in'  il>i  n  .i  s  ijv.-  been  widclv  isrd  in  :  :*•  iimr  lickel- 
tsioses  ol  nvui  and  have  been  recommended  lor  canine  i  iuc  Usios  us .  ^ 

Buckner  and  Ewing1"4*!?  repotted  hat  dogs  infected  with  Eli  r  1  ich  ia  canis 
improve  clinically  when  treated  with  chloramphenicol  and  u.xy  t  et  racycl  ine 


b  t  a  *o 
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nn*  cUartd  ot  the*  infection.  In  the  current  studies  13  of 
were  cleared  ot  the  ir.toct  on  v.nen  treated  with  tetracycline 
14  days.  The  tutraevclim  antibiotics  are  r icket t ios tat ic 
•1.1-v‘t't'n  ; da  1  t“  lVrrtov,  tea*  IcMictli  ot  treatment  may  be 


i  rnr  u  t  i  n 


t.ii.i.’.i  *1  tl*i  .  !s  !  k<;  ent  !  y  oir.pIuuLed  hv  concurrent  infections 
w  lib  t.u!>*  su  ,  tienolM  t 1  o;u.  i  1  a  or  IU  jatezeon.  The  effect  of  these  con- 
v  i*  or. t  irtr  i  i  ns  the  ^iiicacy  oi  various  antibiotics  in  treatment 
'•  Lii  L 1  «  ch  i  a  oajw^  is  ;.ot  known  ^nly  uncomplicated  infections  were 
v  \Um  i  nod  in  t  a  i  ..  s  udv  . 

^  ’.els  o:  #  et  ric  .  r  l  me  del  can  hi*  used  ♦  i  ier  tivelv  as  a  prophylactic 
!  i'i  v.eoine  ohrliehu  J  i  s .  When  ldr^ni  stored  daily  at  the  rate  of  3  mg. 

:  t  ud  ■  :  *  'd\  ,  tei'acyc  ine  rend*  red  all  dogs  refractory  to 

:  *.  i  iiion.  Inc*  '.ni/ines  t  t  .-hr  nl.iiisis  are  not  available,  the 
pi ,  ph .  hi  i  i  Tit’  o*  .i,  .itn  pintii  av  represent  the  only  practical 
•  •  i  » •  .  .  .  .  ■  *  ■  .iMs  .i  on*!#  r:\c  *i  •  a  ;  .  Th  is  may  have 

ij'1  hat  iiMi  in  ‘he  control  ot  th*  liscase  m  military  wot  king  dogs 
vhe:*  u  highlv  suscept’ble  d  g  pop  i  la  t  ion  may  be  deployed  in  Ehr  1  i  ch  la 
**iul  i”w  irons.  This  ;  ay  also  be  a  means  ot  controlling  the  disease  in 

y><  r.,  m  i  i  *,h  1  v  ond»TU»'  areas.  N«  i  7  and  Th^roas^  have  reported  that  in 

i  tea:  w^eri  •  •hrliohii  iis  is  end. mi  it  is  practically  impossible  to 
mu  i  nt  i  ;’t  sum's  tor  .  ;:v  Vngth  "f  ti  i«  • .  ’the  eont  tuned  daily  administration 
ej  i  tiiM-'tii..  is  r.ni  t'pitieden  ei,  Cb  1  or  t  e  t  racy  c  1  ine  has  befcn  given 
v  ur  i:iU'  .slv  to  hot..  dt'm-’btii  i  nti  murals  and.  b.uman  beings  for  long 
pef  i.'its  of  time  w  tb  no  delit.ri.Mi:  side  cl  frets  noted ,  ^ 

I*.  r,h  .'leaned  ot  int.  t  i  an  with  Kh  r  i  cl  i  a  can  i  s  a  re  tally  susceptible 
:•  r  i  *  t  rt  ion  wi*;»  rh*  h>*  log.  4s  strain.  This  is  in  contrast  to  the 
atkit  well  Vi\  wn  r»  k.-rtsial  distuue  of  dogs,  salmon  poisoning,  in 
**  .•  1 1  e  1 1 .  d  md  t .  c  'Vi.  i  l  dogs  a  *o  resistant  to  reinfection.  ^  Since 

i  at.  w.t  1  i  1  u  ;  i  ci  i  :  i .  i  s  con  eis  no  immunity  to  reinfection, 

th»f*  i  p  i  <  l  r  ;>  ’  ’  \.i  li’H*  hep.  *  h*  ve  1 »  ;  rr  <.  n  t  of  a  killed  vaccine, 
lit.  i  i  hi  i.iiK  :  ivip  'iiM  it  : . m*  (lu-  rain.  und  treatment  of  dogs  in 
1  1  und.  'i<  ir<  v  should  he  war  that  apparent  relapses  in 
1  ;  »•.' f  *  dor "hr.  b.  e  .  o  *  r  i  r  t  c  -  i  or-s  . 

*  .  I  i  .iLh  »»„*  r. .  i  E •  rj  jo h  ii  .mu  i  .  iti  dray  and  Hed  Foxes 

. )  1 1 1  i  ii  g  dh’  list  i  *w  v‘it\s,  t ne  w :  1  -spread  1 1  s  1 1  ibut  ion  of  Ehrlich  la 
i  mn  _  *  n  *  e  v  t  l  *  .  t . .  ('tviv,u  die.  .  Due  to  recent  isolations  of 

..jmicjja  ii.*m  •*  <  «\i  1  ets“s  m  f  P  in  Klorido  and  Texas,  vetoriuar- 

i  i  n  »  i  *  '  *  g  t  ■  >  •  •  Eh  :  1  t  ♦.  h  ia  infections  can  be  a 

.  i  >  e;  •*:  *  ’  i  .  m  *  .  T  .  ■  :  ■  1  *;  .  t  s  ,  .s  v  11  as  i»;)ier  count  r  i  es  . 

*h  i  I  uiat  p  \  ’  'logon  i c  i  I  v  md  ,r. aerapv  studies  have  been  done,  the 

pi  .  :ii  e.)g»*  oi  v : .  i  .s  !  i  sea  *«t  »emii  *?  t  or  the  most  part  speculative. 

'  ti  lit:*:*  1 1  cv.  les  ot  ra  n:;m  i  *3 :  n  have  not  been  established. 


Neitz  ana  Thomas  have  suggested  that  wild  dogs  (L^caon  pictus)  served 
as  a  reservoir  for  hr.  i  I  d  ia  iy  the  Kruger  National  Park  in  Africa, 
and  hace  reported  tf.it'  the  nickel  can  be  infected.  The  only  evidence 
of  reservoir  hosts  in  :i.v  Uniter  States  was  supplied  hv  Fw i ng  and 
co-workers  when  \u  ■  v r> . * i veti •:  .* !  L y  infected  a  coyote  ,  ca n i s  la t rans . 

The  i  ed  fox,  Vu  1  peg  fw  1  vl  ..  ,  and  thr.  gray  fox,  llrocyon  c  inereoargenteus 
are  excellent  candMl.it  •■s  as  potential  reservoirs  of  Eh.  r 1 i ch ia  .  Their 
range  is  spread  throughout  the  United  States,  and  population  densities 
are  h  i  eh  in  areas  wl  er«  Eh  r  L  i  ih :  a  have  been  identified.  In  addition, 
they  au  cotmonly  parasitized  h'  Rh  i p icepha  1  us  sanguineus  ,  a  tick  which 
has  recently  been  shown  t**  transmit  hhrli chia  cards.  Studies  have  been 
initiated  to  determine  tin  susceptibility  of  these  two  species  it) 
e y peri mental  infection  with  Eh  r 1  i  ch  ia  i  an is . 

In  or r  laboratory,  thru'  r  od  foes  and  gray  f  rx  have  bnen  experi¬ 

mentally  i  nocu1*i  tt*d  with  an  isolate  <  1  Ehrl  ich  ia  can  i  s  .  Two  foxes 
(one  of  each  species')  are  !>•  l  ng  esed  as  uninfected  controls.  Results 
of  this  study  are  not  vet  avai1  i r> i c  . 

7.  Tick  Transmission  of  FJ  rl  ich.  ia  cams 


A  .  I  n  t  t  oduc  t  ion 

Donation  and  Eest*o»pi.mi  in  I  7  incriminated  the  common  dof*  tick, 

Rh ip icepha 1  us  sanguine  us  ,  as  tin  vector  of  F.  can i s  ,  “  ^  however,  others 
have  not  been  able  to  substantiate  this."^  Both  tick  transmission 
studies  were  done  in  enzootic  ar  as  of  E.  can  is ,  and  prior  infection 
with  or  immunity  to  K  can  i  s  in  he  experimental  dogs  could  not  be 
exc 1 uded . 

In  this  laboratory  met  130  laboratory  beagles  have  been  infected  with 
E.  can  is ,  and  ail  have  been  susi  ptible.  Furthermore  none  of  the 
Beagles  used  as  controls  in  Fhr  1  cnia  studies  have  become  infected. 
Using  the  laboratory's  supply  of  susceptible,  uninfected  Beagles, 
studies  to  define  the  role  of  K.  sanguineus  as  a  vector  of  E.  canis 
are  being  done. 

Wt*  have  previously  re  ported  the  i  ransladial  transmission  of  E.  canis 
by  R.  sa  nguineus*.  s  f  t  a  i  n  of  ticks,  VN  6,  was  fed  on  an  infected 

dog  as  nymphs  and  subsequently  t  snsmitted  E.  can i s  as  adults.  Another 
strain,  VN  4 d,  transmuted  E,  canis  as  nymphs  and  adults  after  feeding 
on  an  infected  dog  as  larvae. 

B .  Materials  and  Methods 

The  establishment  of  c  [<.  sa  rgu  i »  e  us  colony,  colony  husnandry,  and 
feeding  methods  were  detailed  in  the  previous  annual  report. 


t.ir> 


I  wo  strains  of  K .  sanguineus ,  VN  6  and  VN  48,  were  maintained  during 
the  vea.  ,  and  one  strain,  VN  52,  was  eliminated  from  the  colony.  A 
fourth  strain,  KM  1,  was  added  to  the  colony.  Hus  strain  was  obtained 
‘  r  inn  the  Pocky  Mountain  Laboratory,  Hamilton,  Montana,  courtesy  of 
.'i.  W.  buigdu'it  r.  The  KM  1  strait  was  fni  en Ly  on  rabbits  for  several 
venerations  prior  to  acquisition  by  this  laboratory. 

Additional  • rats  ad<al  transmission  studies  with  strains  VN  6,  VN  48, 
l  were  aone  using  methods  outlined  in  last  year's  report. 


tour  attempts  to  prow  t  ransova r ia  1 
■*:  •  vii  i  P'M'nt  ups  ot  adult  tick 

i  it.wi  i  d  vo»  .  ;  1  evy.rged  i  emails  c*a 

•  v.p.’sit.  hwv.il  >t!  sjjt  ing  item  th 
m’  ;<a  i  u  i  ■  ■  i  v  on  -  u  1  dogs  to  d  te 
ce  i  m •  i  . 

I  s  i  :  i  *>  od:-.  p  r  :  1  1  v  lu  rgd  1 1 

.id*  1:  VN  l  md  KM  1  t  icnf.  :  ed  on  in 
ini.  nymphs  .  Sni*Mr^  w  r»  stained  wi 
r  g.i  ru  sms  . 

d  .  W  i  ■  s  n  1  t 

lick  strains  .  N  h  and  VN  4y  havo  ho 
t 1  *  i  /h  t  ui r  omp let.  Lite  cycles  ( 
ciirenLlv  in  tnr  tilth  g  iu  ration. 

lilt  oy,  1,  . 

I  i  *  .t  1  i  ’  '  n  o  is..  ,  *  1  E  .  <,  in  1 

dm  tp  wN  o  t  icks  ted  as  larv, 

.  jii  i'\  »  r. riphs  ind  adults,  and 

larvu  and  imp  is  on  infected  dogs 
tin.,  gr  n.p  •  ■  i  VN  *o  adilts  tra^smitt 
u  fee  ted  dog  as  nvnphs .  Adults  of 
<i  t<  r  the  l  i  rva  1  uiid  *  *  stages 

Tr  ins*  v/o  u'  *  i  a  ;u.rn;c  u  on  of  E .  i.an 
I  a  .  c  1  1  p . '  > .  i  s  . 


transmission  were  done.  From  each 
i  which  had  transmitted  EM  canis  to 
:h  were  selected  and  allowed  to 
^  four  ova  pools  were  then  fed 
mine  if  transova  rial  transmission 


hemrlvmph  srmars  were  made  from 
ected  and  uninfected  dogs  as  larvae 
h  (.iemsa  and  examined  for  E.  canis 


?n  maintained  In  the  laboratory 
arva*nymph*adult-ova)  and  are 
The  KM  1  strain  has  completed  one 

oc  u;r‘*ed  in  4  gtoups  of  ticks. 

.e  on  at*  infected  dog  transmitted 

second  group  of  VN  6  ticks  fed  as 
ransmitted  E.  canis  as  adults, 
d  E.  can i s  after  feeding  on  an 
he  RM  1  strain  transmitted  jM  canis 
hid  J  on  infected  dogs. 

s  did  not  occur  with  any  of  the  4 


■  imp. i  t:  v  w ».*  exam,  alien  oi  a  1  im  I  oc  nrmbr  of  hemo lymph  smears  taken 
r.  '  !  ji  i  ■  nc!  ,  .m  i  '  1 1  c  t  i  u  k».ti  n;  •  .  tod  tick  pools  did  not 

•(  .  ,t 1  .  n>  .i!  i  ;u  i  %.s  i  .ms  i  d  i  f :  o  cures  that  wculd  indicate  E.  canis 

:  ’ :  i  » 1  Id  * 

■; t: i‘'l\ 

,  ill,*  . .  ;  now  nun  H_,  h  npi)iu"is  in  t.tpahle  of  transradial 

*  •  i:.  •  .  ..  .1.*.  Hit  I  W  r.  as  n  c  ;  ^ equiiod  f  rom  dogs  in 


Vietnam,  TO  6  and  VN  4'i.  have  t '*u;.sv : :  ted  ttie  disease  i  :  om  Htage-to- 
stage  after  feeding  on  infected  Jogs  as  both  larvae  ot  nymphs .  More 
significantly  the  KM  1  strain  was  also  capable  of  transtadial  trans¬ 
mission  e^en  though  thi.se  r  i  cks  he!  been  maintained  o»  rabbits  for 
Severn  1  ger*  *,ra  t  i  on:-* . 

The  case  with  vb i ch  Lranstadial  transmission  occurs  iends  one  to 
wonder  what  orb*  r  species  *1  tick*:  ear.  transmit  E.  c  a  ms.  During  the 
next  veai  t  ransmi  ss  i  o*.  r^-per  in*  ut  s  sin?  the  brown  Dog  Tick,  Pe  rmacen  t  or 
va  r  i  a  h  j  1  j  s  ire  planned. 

The  inability  to  n  ch  i>."  ’O  t  rans'i’M  r  ia  1  t  ra  srission  tl  E.  canis  with 
the  larvai  >ffsoring  Iron  4  gro-’p  of  30  cneoi god  female  ticks  does 
not  eliminate  flu*  possibility.  The  10  female  ticks  selected  represented 
only  a  small  traction  »'t  the  tei  il  ;  ipulation  >f  aduit  ticks  from  which 
they  wen  derivee.  M  m»usi  I  tie  p<  rceutage  of  infected  ticks  is  unknown, 
only  a  small  mimhe*  of  the  mauv  hundreds  of  ticks  placed  op  l  dog  may 
transmit  the  disease.  In  this  .as**  it  would,  therefore,  b(  easy  to 
soled  only  "clean  ’  females  for  stud”  and  cull  the  s ro-i  1 1  number  ot 
infected  temales  iron*  the  *:ol  >a  . 

During  the  next  year  w.  plan  to  feed  small  numbers  of  adult  females 
(whose*  prcadult  stages  bnvi  i  rd  u.  infect*  *J  dogs'!  on  normal  dogs. 

If  transmission  rcc«  is,  tl.er.  a  l  tomato  ticks  will  be  saved  and  their 
offspring  led  on  normal  dogs. 

6,  In  Vitro  St  nil  v  of  Ehrlichia  cn  n  is 


A .  Propagation  ot  infected  Mom  cytes 
(1)  Procedure 

Propagation  ot  TCP  agent  in  v  i  1 1  o  has  been  achieved  using  the  following 
monocyte  culture  technique  first  described  by  Nvindo  e_t^  al*^  An 
acutely  affected*  dog  with  a  Ugl  erythrocyte  sedimentation  rati  was 
bled  using  s  L  e  r  i  L  ♦  heparinized  lyringes  for  collection.  The  blood- 
filled  syi inges  were  positioned  vertically  in  an  incubator  at  37  C  for 
30  to  4lj  minutes  to  permit  sod  in  entat  ion  of  ery  t  hrocytes ,  The  over- 
lying  supernatant  c'rristinp  of  plasma,  leukocytes,  and  platelets  was 
transferred  to  culture  flasks  ard  incubated  at  ^7  C.  In  4  to  6  hours 
the  supernatant  was  discarded  ar J  tbr  developing  monolayer  was  rinsed 
with  Hanks  balanced  s  a .  t  solution,  The  col  1  culture  was  maintained 
with  Eagle’s  mfn»muw  essential  nedium  with  Earle's  balanced  salt 
solution  containing  c0*>  canine  serum  plus  L-glutamine, 

Microscopic  examination  of  cover-slip  cultures  stained  by  tb«  May- 
Grunwald  Cinnsa  mi  tbod  has  In  mi  sed  tor  vi  sua  1  i  za  t  ion  of  the  agent  in 
cell  culture.  Element. i  ry  bodies  and  moruiae  characteristic  of  E.  cants 
may  be  identified  in  an  onasioail  cell  by  24  to  48  hours.  Thi  percent 


of  iii teem!  cell  gmidua lly  increases  and  by  8  to  12  days  E.  canis 
m^v  be  iound  m  various  ie  vo  lopnu  nta 1  stages  in  cells  throughout  the 
rp< mi  > l aver  . 

»  2  )  ;!unj  n  ;  -  do '  ectod  Media  for  Growth  of  E.  ca^nis 

Selected  media  ^  ri  lusted  for  ability  to  support  growth  of  monocytes 
ind  dev e lopni»**u  n  t  .  canis .  Tlu  refer  mce  medium  was  Eagle's  Minimum 
hssmti.il  M»  hum  hlMEM)  with  Earle's  Balanced  Salt  Solution  supplemented 
wit  a  .0  in  in*  Strap  and  lb  L-glutnmine.  The  media  tested  and  the 
tusultM  tr»  sunmn »  i  /  ed  m  Table  J.  None  of  the  test  media  was  superior 
t  tnc  reference  wed  i  urn  for  maintaining  monocyte  cultures  or  develop¬ 
ment  of  E „  canis . 

<  Kl:ecf  id  Selected  Antibiotics  on  Devi  Lopment  of  K.  canis 

Sf uius  oi  the  growth  of  -an  is  in  monocyte  cultures  were  often 
c  •*  |Ti  ”u<i  1  nv  ‘ » i  o  t «  r  i  i!  cont  ain  in  1 1  ion .  To  overcome  this  difficulty 
st  lei  ted  mt  i h i  uu  ,  either  alon*  or  ir  combination,  were  incorporated 
in  the  main  and  tlu-ir  el  feet  on  the  development  of  E.  canis  determined 
liable  -> ) , 

At  t hi  concent  rat  ion  of  antibioti:  tested,  only  aureomycin  completely 
suppressed  tin  development  of  h.  -anis  in  monocyte  cultures*  Although 
moMilae  of  K  caiis  were  evident  in  cultures  containing  the  other 
antibiotics  there  was  some  reduction  in  percentage  of  infected  cells. 
FurPnu  experiments  are  in  progress  to  quantitate  the  effect  of  anti- 
i»i  Mies  on  this  organism.  The  use  of  monocyte  culture  appears  to  be  a 
practical,  inexpensive  means  of  s  reening  potential  anti-ehrlichia 
agents.  If  should  be  not  ed  that  iureomycir»,  an  agent  highly  effective 
against  i  irkettr.  ia-ps  i  t  tacos  i  s  organisms  was  also  effective  in  this 
system.  Furthermore,  studies  of  anti -ehr 1 ichia  agents  may  provide 
clues  on  t ho  taxonomic  status  of  he  organism. 

\\  .  H  ro  pa  gat  ion  of  Jv!  nmal  Monocyt  *£ 

Monocyte  cultures  were  prepared  f»om  norma  1  dogs  by  two  modifications 
of  the  previously  described  technique.  First,  twe  hours  prior  to 
cull*  tion  of  blo<ui  the  level  ot  irculaiing  monocytes  was  increased 
hv  M*  oral  administration  of  d  i  e  t  by  1  carbamazine  (Caricide^)  at  the 
raf*  ot  30  mg  per  pound.  Second,  to  produce  rapid  sedimentation  of 
erythrocytes  tlu-  blood  was  mixed  with  a  solution  of  3%  dextran  in 
i.Sr  sod  tun  chi  >r'de  in  a  ratio  f  2*1,  respectively.  The  technique 
is  completed  i> previously  desci  if  ed  and  a  confluent  monolayer  of 
imw/U'  :  i**o  formed  in  5  to  7  da  s. 


Table  3.  Comparison  of  Selected  Media  for  Growth  of  E.  canis 

v, 

Media 

Eagles  MEM 
Eagles  MEM  +  Glucose 
McCoy* s  5A 
RPMI  (1640) 

Medium  199 

All  media  supplemented  with  2(T 1  canine  serum  and  1% 
glutamine  as  required. 


Morulae  of  E.  canis 
+ 

+ 

-f 

4- 
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Tic  If  feci  of  Selected  Antibiotics  on  the  Development  of  E.  canis 


Table  4. 


Antibiotic  (dose) 


Morulae  of  E«  canis 


Aurooir.ycin  (12 .5  ug/ml)  0 

Streptomycin  ( 1 5  ug/ml)  + 

Vanctimyci.il  (50  ug/ml)  + 

Fungizone  (0.5  ug/inl)  + 

Penicillin  (25  ug/ml),  Streptomycin  (25  ug/ml) 

Fungizone  (0.6  ug/ml)  •  + 

Vancomycin  (50  ug/ml),  Fungizone  (0.5  ug/ml) 

Streptomycin  (25  ug/ml)  + 


140 


C.  Infectivity  of  E.  cants  Propagated  in  Monocyte  Cultures 


Non-infected  monocyte  cultures  were  infected  by  an  inoculum  of  Infected 
cell  culture  suspension  containing  a  high  concentration  of  infectious 
agent.  Elementary  bodies  and  meruLae  could  be  demonstrated  in  these 
cultures  in  10  to  12  days.  The  percentage  of  cells  infected  is  varia¬ 
ble  as  evidenced  by  cytopathic  effect  (CPE)  and  formation  of  morulae 
within  the  cytoplasm.  A  satisfactory  method  of  titrating  E.  cants  has 
not  been  developed,  but  apparently  CPE  la  not  directly  related  to 
E.  cants  concentration  in  the  inoculum.  After  3  passages  in  monocyte 
cultures  over  a  3-month  period  the  agent  produced  typical  signs  when 
inoculated  intravenously  into  dogs.  Reisolation  of  monocyte  culture 
was  successful. 

D .  Discussion 

Cultivation  of  E.  canis  in  an  in  vitro  system  has  provided  the  means 
whereby  its  basic  properties  can  be  investigated.  Perhaps  of  more 
practical  importance  this  system  may  provide  a  concentrated  antigen  for 
subsequent  development  of  a  diagnostic  serological  test.  Taxonomic 
classification  of  TCP  has  previously  been  based  upon  limited  factual 
information.  A  more  detailed  study  of  its  physical  and  biochemical 
characteristics  will  provide  the  basis  for  a  more  precise  classification. 

9,  Comparative  Study  of  canis^  anc*  Ngot^ckettsia  helminthoec^ 

A.  Introduction 


Presently  most  texts  list  Ehrl ichia  canis  in  the  Order  Rickettsiales , 
Family  Rickettsiaceae.  The  only  othac  rickettsiae  commonly  recognized 
as  a  pathogen  for  the  dog  are  the  agents  classified  under  the  heading 
salmon  (poisoning)  disease  complex.  The  infectious  agent  usually 
incriminated  as  the  cause  of  salmon  disease  has  been  given  the  generic 
name  Neorickettsia  helminthoeca ,  Because  of  its  apparent  similarities 
to  TCP  the  salmon  poisoning  agent  (SPA)  was  acquired  for  comparative 
purposes. 

B .  Agent  and  Disease 

Six  small  trout  were  obtained  from  the  Washington  State  Fish  and 
Wildlife  Hatchery,  Cathlamet,  Washington,  These  trout  were  triturated 
and  fed  in  equal  amounts  to  each  of  two  Beagles.  A  fever  developed  in 
both  dogs  in  5  days  and  was  followed  by  typical  signs  described  for 
salmon  disease.  Both  dogs  died  13  days  following  infection.  Prior  tc 
death  blood  was  collected  from  these  2  dogs  and  inoculated  intravenously 
into  laboratory  Beagles.  When  these  dogs  became  acutely  ill,  they  were 
killed  and  the  spleen  and  mesenteric  lymph  nodes  removed.  Twenty 
percent  tissue  suspensions  of  spleen  and  lymph  nodes  were  made  in  Snyder's 
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solution.  The  suspensions  were  rapidly  trover  in  a  dry  ice-alcohol 
bath  and  stored  at  -90C.  fhe  imt  Ci  vitv  ot  this  suspension  has 
been  retained  as  continued  by  its  abilitv  to  produce  typical  disease 
when  inoculated  into  laboratory  Beagles. 


From  an  rtulely  ill  dog  an  infectious  agent  with  morpno  1  ogical 
I'haucLi-riht  u  s  ol  a  ricKettsia  was  isolated  using  the  same  technique 
described  above  ior  h.  can  is .  In  some  cells  the  organism  appeared  to 
be  coni.iud  to  vacuoles  within  t hi  cytoplasm,  whereas  in  other  cells 
tin  or/anism  was  disp  rsei  throng!  out  the  cytoplasm.  In  contrast  to 
nmnoc.t*  on  tores  i  .  t.ini  in  unUh  iittli  CFL  cm  be  noted,  the 
S  I1  A  product  ■»  that  act  r*  >i  n  cnllnlir  changes  which  t  in  bt  readily 
oh  ,.i  t  ved  w  i  *  h  light  f  i  c  :  j  op  InU-clod  ell  suspensions  when 
iniMii.)' ed  mtiuv  nuu^iv  1  to  laboratory  dogs  produced  typical  signs 
o  t  sa  i  n’.'ii  d  i  so  l  . 

1) .  hi  *»i  us s  ion 
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used  for  tin  iooiatiot  and  propagation  of  2  canine  rickettsial  agents. 
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l.  xperinontal  Babes  ia  gibsoni  Infections  in  Laboratory  Beagles 
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Babes  la  gi oson i  is  a  small  babesia  capable  ot  infecting  a  number  of 
species  in  the  family  Canidae.  Na.urallv  occurring  infections  In  the 
domestic  dog  have  boon  reported  from  Lnd  i.a,  Ceylon,  Malaysia,  and 
Korea . 
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be  ruled  our  .  Also  detailed  blood  and  urine  studies  were  not  done. 

I  ho  rurnose  or  the  following  repor  is  to  define  the  signs,  clinical 
pat.iology,  and  pathoiogv  ni  experimental  h.  gibsoni  infections  in 
laboratory  Beagl-’s. 
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T!i  i  rt  i  ru  ,  « »n  •  -y  1 1  -  .  i  i  .  *  mv  t  i  »  v<  r  t  .  i  ; !  »■  s  t  ud\  . 
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1  II!  lie  I  f  i*  f  I  ■.  .  1  1  .  !  •  1  J  a  '  •  1  t‘,'i  it  *  »‘S  1  OKS  .  f  t  t'  ’111.1  i  t‘  1  Hp 
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tojfconl  strips. 
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The  rocoviTV  1 1  .>111  u  *•  anemia  wa.i  si ow.  Ait  .ough  i  he  dogs  appeared 
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test.  1 1  ow.  *  Vi  *  ,  m  [  i-  s.mie  stm.y  mother  iutally  iuiicted  do^»  and  two 
dors  wliu  »ec<  vet  ed  ..p  a  u  4  i.^  ]  from  inivetion  liad  tu>  evidence  of 
live  i  inipa  i  n:  *iif  .  \lso  .n  tlu.  same  study,  duirKiKc  to  the  spleens  oi 
ini  ted  do^s  w  1  *  ic.ei:c«»!  >v  a  narked  increase  in  lactate  dehydro** 

e  n  a  s  e  . 

The  dathly  lub'a.  ar  it  e  seen  n  the  infected  do^s  lias  been  reported 
by  others."^  c  or  t*e  iat  ;  on  1  tiwcfi  severity  of  anemia  ual  the 

ltM.du;c>  I  ;r  tlu  n;**re  b  he  daik  was  observed.  No  an  n  lotion  between 
the  prt  sente  ol  ut  oh  j  I  iiio>;en  am  color  was  noted,  however.  In  marked 
contrast  to  r.cveia.  Hahesia  4  nj  ij  inf  ec  t  ions  ,  hemoglobinuriti  was  not 
delected.  Wt  a.  inimb'  the  uu  t  I  u  iru  cclor  lo  !;il»  pigments  which 
could  not  be  leteeltd  wit  »  ui  l<.st  system. 

Sp 1  er.oimv,a  ly  it.  i,.i  *.  t  »-d  w,s  i  consistent  finuing  J  1  oun  study. 

Enlaigenieut  »i  the  :'pi*4i.  in  he?:  upi  otu.’iioii  diseases  is  a  noim.il  pfiysio- 
logical  rcspor.se  due  to  lueie.is'i  mtivity  in  removing  parasites  l  rom 
RKC's.  Hepatomegaly  ha**  uecn  rcport«ni  as  being  present  in  10'/Q  of  IJ. 
gj  bsoni  inleiCiuns;  (  however,  we  were  unahli  to  detect  enlarged  livers 
in  any  of  out  iuh«  tiJ  logc, 
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Cum  ;1  s  i  ;,n:>  1 1  r  ■  *-i  :  •'  s  eria,  s  p  A  etuxnegaly ,  and  dark  colored 
ari:vj  wt  va  ;  .  .  A  *  ■>.  :a,  !  i :  *■  I  •  ssness  ,  fatigue  and  blanching  of 
raucous  mer.br arses  can  aP  Ke  attributed  to  anemia.  Although  low-grade 

.e.  o*  up . ^  F  were  ^served  during  acute  infection* 

'  "  il  .  i  .  .  *.  ■  .  t..  and  were  frequently  within  the 

»  i  -  .  a  ’  j.  •!(  in  :e  cor  re  la:  i  change  in  body 

*  ;  .  a*  :•*«  w  :  .  '  para  si*  umbers  (Fig.  17).  Icterus  was 

m  ’  '  S'*',’  ’  i  :  •  i  *  .*  *  ■  ■  i  s  . 

> .  * 1  .;••** s  :  s  * :  /  *  j h •  •  s  1  a  i :  •  t  i on s  o f  a n ima  Is  is  attributed 

’  -  ■  ;  **  1  :*-ies  rgnr.s  wf*h  parasitised  colls,  cell 

b  n  i  i:  i  ■  •  p*  i  **  *► .  *  .  T1’  cl  >gg  i  r.i;  causes  anoxia,  the  accumulation 

o :  *  ' v  .  ;  .  -  :  .  r  »  *  •  <  :  i  :  »  a f  c a p i  1  1  a r  i  e s  a nd  r  i s S ue  .  This 

:  .1  •  .  i :  .  ■  a  ->  1  :  *  p  »»  :  i  :  - '  .  cap  is  infect  i  oris  . 

i  u.o  appear  to  involve 
iMmi!  disease  md  pathology  In 
1  »  r  iti  i  strict  ly  to  a  progressive 

*  !  pa  :as  i 9  i*u*o  RhC's  in  the 


Infections  in 


A  I  nr  r •  !  r  . . » 

A  study  to  ! « * t  n  r  i  ,:’s  ,  c  ni(  «i  1  pathology,  and  pathology  of 
.  g  i  h  son  i  ,ntt\!  i  i  '  !  i'mi!  iST'1  Hoagies  has  been  reported  (see 
omen;  /ncril  *■;■>*  t  >  .  It  t  is  s*udy  logs  wen  inoculated  with 
i  ti ;  e  r  .  *  Inc.  an  i  i  i  j .  iw  d  ;  »  pt  n  rss  t  h  rough  the  acute  disease  and 
thin  recover.  At  h  peak  of  infection,  all  dogs  were  severely  depressed 
and  on  *u  .  A  i  -  ugh  c.  deaths  oc  urred,  dogs  with  untreated  infections 
took  st-verai  months  : o  recover. 

Ir.id  i  r  i  ,na  !  1  .  ,  t  :•  -acu  ’  t  h.  g  lbs  on  1  has  been  with  the  organic  Arseni¬ 
ca  1  conpo,.ids.  iir.».n!  studies  •  mp loving  these  drugs  were  usually 

undertaken  :a  Imi  ai  situations  n  enzootic  areas  and  detailed  blood 
studies  wi*r«.-  no;  pr»  kmu*  i.  Proven  parasitic  cures  were  never  achieved. 

Kt  e u  t  1  y  two  hemot1  •  a p •  •  t  ;  agon?  s  ,  Jimiu.izene  aceturate  and  phenamidine 
i  .v  t  h  i  on.it  c. ,  haw  r»;u»rr.*d  to  be  effective  in  reducing  J3.  gibsoni 

pans .  t  nm  1  is  ir  m  .troM-  t  Inborn*  rv  studies.  Neither  drug  was 

c.ipibt-*  of  :>**  .du  ire  sterile  pans  tic  cures,  however,  In  recent  years 
s<  v  cal  row  ..  ‘’••mot  *u  ?  a  >»i*r  i  n  ic’.’n"  have  been  made  available  for  the 
t  1 1  a  t  r.  r :  ,r  ot  *1.1  h  i  s  ^  s  i  ri ,  hi  i  *  ivr  as  or  vet  been  untried  in  canine 
^  -nn  ;  u  f  -  u  *  ••  *5  . 

R.  Materials  and  M  hods 


f\.  irv  -op!  ■  Hr'hr'i  v»*»’  used  "he  dogs  were  divided  into  5  group* 
u  .  ui  cs  .  !  ora  <  ’  ♦  d»  cm  -  ich  **  r*  used  ft*  test  the  4  drugs  listed 


* 


body  temperature  in  degrees 


below  and  one  gnu.n  of  ^  dogs  served  as  controls. 

baseline  data  were  .  nllec t  ed  on  all  dogs  for  2  weeks  prior  to  infection. 
Each,  dog  was  examined  an  rectal  temperature  recorded  daily.  Blood 
and  urine  analysis  was  maoe  according  to  the  following  schedule: 
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One  sp  1  onecl  omi  /.e<i  Beaule  was  inocuiaed  intravenously  with  5  ml.  of 
intected  blood  tr^  t  carrier  dog.  Atter  a  parasitemia  of  181  para¬ 
sites/1000  RBC's  v us  reached,  blood  was  drawn  from  the  splenectomized 
dog  and  3  ml.  oi  the  infected  blood  inoculated  into  each  of  the  experi¬ 
mental  dogs. 

The  t\  lit  wins;  drugs  and  dosages  were  i  ested  for  their  effectiveness  in 
treating  Babes  ia  g  i  bs on  i  i*  lections: 

a.  jierenil  (T>ininazene  accturate)  Farbwerke  Hoechst  Ag.:  3  mg. /lb. 
body  weigh:  *  lm  i  n  i  stored  twice,  48  hours  apart. 

b.  Diapron  (Ami  a rhn 1 i de)  May  and  Baker  Ltd.:  3  mg. /lb.  body  weight 
administered  •'vice,  24  hours  apart. 

c  .  lianas  eg  fD  lace tura tc  4 , 4  *  -D  iazoaminodibenzamidine)  E.  R.  Squibb 
Sons:  4.3  mg.  lb.  body  weight  twice,  24  hours  apart. 

d .  I*v,enamidine  Isct-  innate.  May  &  Baker,  Ltd.:  7.3  mg. /lb.  body 
weight  twice,  24  hours  apart. 


Dru^s  were  administered  during  acute  disease  when  the  parasitemias 
were  75  parasites  or  more/1000  RBC . 

C .  Result:  s 

Final  analysis  of  the  data  has  not  been  completed.  However,  p:  el  i;r. i  na  ry 
results  indicate  the  four  drugs  tested  are  effective  in  reducing 
3.  gibs  on  i  parasitemias.  Diminazene  aceturate  and  phenamid  i  ru*  iscthio- 
uate  produced  the  most  dramatic  reductions  in  pa rasi temi  is  .  Exacerbui  •  •  >i 
ot  parasite  numbers  with  concomitant  reductions  in  packed  evil  v  umm  s 
and  red  blood  cell  counts  occurred  7  to  14  days  following  t.i-i  d«  s 

«'i  parasitemia  due  to  treatment.  However,  peak  pa  res  i  t  t*;i:  fas  .■hhi-ryed 
during  the  exacerbations  were  of  a  much  smaller  magnitude  than  the 
parasitemias  of  the  acute,  pretroa tment  stages.  Gar.ascg  wts  roxiL  ‘ti¬ 
the  dosage  used  in  the  study,  and  one  dog  died  as  a  result,  if  triJlmert. 
w i  th  it. 


h  .  h  i  scufls  \  on 

h  intina vene  aceturate  and  phenamidine  isethionace  were  t;  rust  e :  t*c  t  i  :c 
chemotherapeutic  agents  tested.  Both  drugs  should  In-  useinl  in  control¬ 
ling  ni^h  parasitemias  of  acute  disease  until  prer.iur.il>  ca  h.  e\LaL- 
lished.  Neither  drug,  however,  was  capable  of  producing 
parasitic  cures. 

The  exacerbations  of  parasitemias  following  treatment  indicate  that 
treated  B.  gibsoni  infections  should  he  followed  with  periodic 
examinations  to  ensure  that  severe  relapses  do  n ot  occur. 

lit.  Summary  and  Conclusions 

1.  Pathogenicity  study  on  Ehrlichia  canis ,  the  causative  agent  nf 

TCP,  conducted  in  intact  and  splenec tomized  German  Shepheid  do>»r. 

1  Lhoueh  tin  response  of  individual  dogs  to  infection  with  L.  cani_s 
varied,  ail  dogs  exhibited  fever,  thrombocytopenia,  anemia,  L.  *.;:oper. :  a  , 
and  levated  erythrocyte  sedimentation  rates.  Clinical  siwnt,  consisted 
or  ;on  junctivlf  is ,  ocular  and  nasal  discharge,  anorexia,  welgm  less, 
and  hemorrhage.  Mortality  was  63  percent  in  the  mature  German  Shepherds 
nod  100  per  cent  in  the  immature  German  Shepherds.  Splenc-L  r oinized  dogs 
she  wed  t.he  same  cLinical  and  hematological  changes  as  w;ta ct  controls; 

•  uwi'vi  r ,  the  thrombocytopenia  was  less  severe  in  the  id!  l\  stages. 

2.  Experimental  E.  canis  infections  in  newborn  Beuglo  pup..  wore 
f.i.arar  t  ei .  zed  by  nasal  and  ocular  discharges,  clinical  sigrt  i-  anemia, 
and  poor  weight  gain.  All  infected  pups  survived  the  disensi . 

'v  i  uei.cn  microscopic  studies  were  made  on  lung  tissue  o»  dogs 
a.tetv  atfectod  with  TCP.  These  studies  revealed  th.  presence  of 
nn-ruia*  cl  E.  cams  in  endothelial  cells.  rfu  m»  nine  consisted  nf 
;.;i  ejpo  :  f  round  and  oval  elementary  bodies,  3.5  -  1.5  ;t  ir.  1 iamotcr. 
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within  a  cytoplasmic  vacuole.  The  elementary  bodies  had  the  same 
general  features  of  rickettsiae  and  large  particles  of  the  Chlamydia 
group.  A  trilaminar  cell  wall  and  a  plasma  membrane  were  evident  in 
all  elementary  bodies. 

4.  Tetracycline  HC1  was  evaluated  as  a  therapeutic  and  prophylactic 
agent  for  Ehrlichia  canis  infections  in  Beagle  and  German  Shepherd 
dogs.  Oral  administration  of  tetracycline  at  the  rate  of  30  mg.  per 
pound  of  body  weight  for  14  days  resulted  in  remission  of  clinwal 
signs;  however,  2  of  fifteen  dogs  remained  carriers.  All  dogs  cleared 
of  the  infection  were  reinoculated  with  the  homologous  strain  of 

Eh  rlich  ia  canis  and  infections  were  reestablished,  thus  demons i  rat  i  a.*, 
the  lack  of  resistance  to  reinfection.  Tetracycline  was  else  shown 
to  be  an  effective  prophylactic  agent  when  admin i  tered  dail  at  the 
rate  of  3  mg.  per  pound  of  bcdy  weight. 

5.  Preadult  Rh ip icepha lus  sanguineus  ticks  fed  on  do  ti  acute 

E.  canis  infections  are  subsequently  capable  of  tra.  i  .  n  »  the 
disease  trails  tad  ial  ly .  Sufficient  evidence  to  pro'  <*  "i  ilsp-ove 
transovarial  transmission  of  E.  canis  by  sanguis  i.  ,  !u  .  bt  i 

gat  acred . 

6.  Primary  canine  monocyte  cultures  were  used  for  iui  vitro  pc  > 

of  two  rickettsial  agents  infectious  for  the  dog,  E .  canis  and 

N.  helminthoeca .  The  study  suggests  that  it  would  be  possible-  to 
propagate  other  members  of  the  Order  Rickettsia les  in  a  similar  manner. 
From  a  practical  standpoint  the  monocyte  culture  technique  offers  a 
potential  source  of  concentrated  antigen  which  is  required  to  develop 
a  diagnostic  test  for  TCP.  The  technique  also  offers  a  means  whereby 
the  basic  physical  and  biochemical  properties  of  _E.  canis  can  be  studied 
Such  studies  would  provide  the  basis  for  a  more  precise  taxonomic  classi 
fication  of  E.  canis . 

7.  Clinical  disease  and  pathology  of  B.  gibsoni  infected  dogs  are  the 
result  of  a  slow  progressive  anemia  caused  by  the  destruction  of  para¬ 
sitized  RBC's  in  the  ret i culo-endothel ial  system.  The  disease  is 
clinically  characterized  by  a  macrocytic,  hypochromic  anemia;  spleno¬ 
megaly;  darkly  colored  urine;  and  a  variable  low-grade  fever.  The  only 
outstanding  h istopat hoi ogi ca  1  feature  of  the  disease  is  the  extra¬ 
medullary  hematopoiesis  found  in  the  spleen.  The  drugs  diminazene 
accturate  and  phetiamidine  iseth  innate  appear  to  be  the  drugs  of  choice 
for  treating  clinical  B.  g i bson i  infection;  however,  neither  drug  is 
capable  of  producing  radical,  parasitic  cures. 
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I  . .  ^  Military  Dogt;  <^IT>  Kccruit  Do?  Disease  ;  (V)  (  a-,  j  tu 

Parainfluenza;  (U)  Canine  Rhlnovlrus;  VU)  Canine  Coiun.ivi  rus  ;  (l )  Canine  Cell  Cn  1 1  are 


II  trCNAIC  Ai  OUlCTIvf*  I*  AAAAOAt-K  II  AMCIIH  y»m<>A  l*AAA«t  |WI|MM  IAa'HHI  *»  i-^M*  fwtlA  Hi  r  l*rn  tlA  |,i#>A  |lNt'h<iMA 

23.  (U)  To  determine  end  characterize  causative  agents  of  iniections  disease,  occur¬ 

ring  in  military  dogs  during  theit  induction  and  training;  to  det<  rmlnc  how  the  inlec¬ 
tions  are  spread  md  to  develop  effective  control  measures.  Studies  on  agents  asso¬ 
ciated  with  acute  resp iratorv  disease  and  diarrheal  diseases  are  specifically  empha¬ 
sized.  The  potential  importance  of  infectious  agents  nevlv  t imnd  in  nous  are  evaluated 

?(♦ .  (UA  Conventional  epidemiologic  and  rate rob io logic  technics  are  employed  and  new 
procedures  will  bt  developed  as  needed. 

.5.  (U)  70  07  -  ?1  Oh  Viral  etiology  of  disease  in  recruit  military  dugs  was  studied 

luithei.  Para  lnlluenza  SV-5  continues  to  be  the  predominant  agent  responsibli  f<  r 
canine  respiratory  infections  at  recruitment  center  (Lackland  AKH ,  Texas)  and  scout  dog 
.raining  center  (Ft.  bcnnlng,  Ca.).  More  than  857.  of  newly  procured  wire  found  to  he 
susceptible  to  ?’ -5  infections.  A  t ransralsa ible  agent  has  been  recovered  iro  sentry 
•ljgr»  involved  i  \  an  outbreak  of  a  diarrheal  disease  in  Germany.  Further  studies  on  t he 
prcipf  r ;  w  r-  o:  .  new  canine  rhino-type  isolates  have  been  carried  out.  A  new  small, 
n;-*ed  t  :  i  us  h..f*  U*  r  r*u  overed  trom  a  canine  aemen  specimen.  A  selective  media  con- 
.atni'n.  .mtlbiot'.ri  and  Indicators  has  been  developed  to  facilitate  the  Isolation  and 
idenf i t  lent iun  of  Hruce 1  la  can  1  a .  The  cultural  technic  is  now  bring  evaluated  t 
Jrter.nin.'  it  it  could  supplant  current  laborious  and  costl  isolation  methods.  For 

*  xnrdcai  reports,  see  Walter  Reed  Army  Institute  ol  Research  Annual  Progress  Report, 

*  lul  3''  J no  / 1, 
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Investigators. 

Principal:  Leonard  N.  Blun,  Ph.D. 

Associate:  MAJ  David  L.  Huxsoll,  VC;  MAJ  Michael  G.  Groves,  VC; 

CPT  Stephen  A.  Ruark,  VC;  Estelle  C.  Lazar,  B.A.; 

SSG  John  B.  Mitchell;  SPS  James  K.  Au;  SP5  Robert 
E.  Sims;  Aaron  D.  Alexander,  Ph.D. 

Description. 

Objectives  are  first  to  determine  the  etiology  and  epidemiology 
of  respiratory  disease  in  military  dogs  and  to  develop  methods  of 
control  and  prevention,  and  secondly  to  identify  and  characterize 
viruses  of  military  dogs  and  laboratory  animals  which  may  be 
potential  zoonotic  agents  or  interfere  with  the  utilization  of 
the  animals  in  the  research  programs  or  diagnostic  services  at 
WRAIR.  Specific  studies  were  done  on  parainfluenza  infections, 
etiology  of  a  gastrointestinal  disease  outbreak  in  military  dogs 
and  on  characteristics  of  rhino-like  viruses  and  corona  viruses 
isolated  from  dogs. 

Progress. 

1 .  Respiratory  Disease  in  Military  Dogs. 

From  1966  to  1968,  epizootics  of  respiratory  disease  occurred  in 
military  dogs  at  the  induction  and  training  centers.  The  disease 
episodes  disrupted  the  deployment  and  training  of  the  dogs. 
Parainfluenza  SV-5  virus  was  recovered  from  the  affected  dogs  and 
the  virus  was  found  to  be  hlgh'y  communicable1.  In  subsequent 
years  SV-5  infections  have  occurred  in  more  than  75%  of  the  dogs 
at  the  induction  and  training  centers2.  This  report  summarizes 
continued  observations  on  the  occurrence  of  SV-5  infections  in 
military  dogs. 

Previous  observations  Indicated  that  90%  (618  of  685  of  newly 
procured  dogs  were  serotest  susceptible  to  SV-5  infection 
(Annual  Report  1969-1970).  During  the  past  year,  similar  ob¬ 
servations  were  made.  Eight-seven  percent,  or  249  of  285  dogs 
received  at  the  Lackland  Air  Force  Base  (1AFB)  Induction  center 
were  susceptible  to  SV-5.  Dogs  from  California  again  had  the 
highest  rate  of  positive  reactors.  In  the  past  year,  337.  or  15 


of  4  b  dogs  t  rom  California  w*  re  SY-b  seio**  *  p  ii*  iv-*.  'I  he  ! 

remaining  positive  does  came  i  row  I?  sr  s  r  *  i  s*  nt  i  .ig  a  i  1 

area;.  t  t  \  'nil*  tf  stales.  ’*  h*  :  ndii.  . ,  .ii  P’..i  ,  s  f  ■  .j 
newly  procured  dogs  are  highly  susceptible  to  '•  ndt-cl  inn  :.n  . 
that  t  tie  “lius  rotvet*.  dogs  terougheut  the  nr.  d  It  dies 

hollowing  procurement  at  !j\Fb  ,  dogs  wer»  shinpe  t<»  Kt  .  tenojie 
lor  scout  dog  training.  Dogs  iron  LAi'b  t  .■*;*!«•  i  i :y  ti  .lining  it 
Ft.  Henning  continued  to  havt  i  high  lnciui  ...  .«*  ‘A-  mil  i!  u: 
lu  19/0,  90'  or  48  oi  33  Jogs  and  dll  1-.  dep.ii'  :  nr  in  1 9  /  i 

had  SV-3  antibody.  The  dogs  departing  Ft.  He-,  .o  n,  m  1  tJ,U  h,.., 

arrived  in  1969  and  19  of  2/  ot  Liu  se  dog*  «.  j  j  t  it.  b*  uni  a 

Ail  24  dogs  arriving  at  Ft.  benniiig  Iron  iJ\i i  :i  .  4  /  »  and  1  j  /  i  hdU 
SV-  )  antibody.  Thirteen  of  thes*  dogs  w<  t  e  m  o  ,  at  :•  e 

ipon  arrival  at  LAKH.  The  Iasi  dog  in  t.ins  gr  >e:  it'  *ve2  .u 
April  1970  and  was  serotest  positive  vhe?:  :  »  :  tj  it.  .unir. 

in  August  19/0.  The  findings  ir:  t  /  0-  7 1  t,  .  •  t  uit  i 

previous  observations  that  SV-3  i  m  er  t  ion ..  o  ,,i:  it  f  .  iii'.-u  ce¬ 
ment  center  and  spread  to  nearly  *  li  the  dogs. 

In  addition  to  the  dogs  received  at  it.  Henning,  1  rom  Laid,  dog, 
also  are  received  trom  the  "Biosensor-  Research  Ti  am  '  (\  K1  1  a* 

Edge  wood  Arsenal.  Following  receipt  ot  n.»  sc  dogs,  ’ he\  ire 
quarantined  apart  from  the  dogs  procured  at  i.AFB.  S.rhseq  uen  t  i  v 
:  he  dogs  from  both  sources  may  be  trainee  t  igeilo  i  from  March 
1970  to  February  19/1  serum  specimens  w<  re  j  ire  pa  red  ttoi  14  dogs 
upon  airival  at  Ft.  Benning.  Each  ot  these  cogs  c  id  not  have 
SV-j  antibody.  The  findings  indicate  SV-H  injections  an  not 
occurring  at  BRT  facilities  at  Edgewood  Arsenal  and  that  these 
lioga  are  susceptible  to  in  lection.  In  contrast  to  the  dogs  i  ro.»; 
’.AFB,  only  1  of  29  B KT  dogs  completing  t  u  using  ii  1  970-/1  at 
f'.  Henning  bed  serological  evidence  oi  :>j-j  inlet  lion.  !  he  t  i»m 
and  piaic  oi  inlection  ot  the  serotest  pi  s  ivr  clog  is  unknown. 

The  failure  ot  nearly  all  the  BR'i  dogs  t.o  i  env  i  ? ugyest i  flat 
o\  -  j  infections  utit-  not  occurring  in  the  uiu  t  m  ncli  in*  dogs 
r  i*  t  ra i ned  . 

Tne  eb.nr.ee  oi  Ft-;  Infectious  at  idgewotKJ  arU  •  hi  potential 
•o}tcfion  ard  osnirutoiy  disease  during  training  uav  warrant  the 
»  i  .  •  i*\.  o  :i  o  l  hi  s<  dogs  at  Edge  wood.  Potent  in!  .SY-  -  •  i  ;e  s 
.e,  :*  a  i  i  nicer  c  onint*  ru  a  i  deceiopmtMit  and  a*  ter  su  tah.e 
safe:  \  vi /a  potency  tests,  lie  Id  trials  oi  r  ho  vui  '  m  in  the  dugs 
.  i 1  \dr.'-wt'w*  av  ne  oi  value.  Further  obst  rv  ^  t  i  *:**  *•:,  Un  tpidiinj- 
oi.,gv  c’  SV  '  infections  ot  military  dog  ».  i  .  1  }  •  u  ir  inn”!. 
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2.  Virus  Studies  of  a  Gastrointestinal  Disease  Outbreak  In  Military 
Dogs  in  Germany. 

During  February  and  March  1970  an  epizootic  of  diarrheal  disease 
occurred  in  60  of  63  dogs  at  the  USAFE  Patrol  Dog  Training  School  in 
Wiesbaden,  Germany.  An  investigation  into  the  epidemiology  and  eti¬ 
ology  of  the  epizootic  was  conducted  by  CPT  A.  Hall,  USAF  and  T/SGT 
J.E.  Kielty  (Report  #70-3,  Dept  of  the  Air  Force,  4th  Epidemiologic 
Flight  (USAFE),  APO  New  York  09332,  30  June  70).  Microbiologic  and 
toxicological  Investigations  failed  to  incriminate  the  etlologlc 
agent.  Although  viruses  were  not  recovered  in  monkey,  baby  hamster 
kidney  and  several  human  cell  cultures,  the  authors  made  a  presumptive 
diagnosis  of  viral  gastroenteritis.  In  January  1971,  a  second  out¬ 
break  of  diarrheal  disease  occurred  in  these  dogs  and  fecal  and  serum 
specimens  were  collected  and  shipped  to  WRAiR  for  virus  studies. 

Fecal  specimens  from  3  affected  dogs  were  treated  with  antibiotics, 
centrifuged  and  inoculated  into  primary  dog  kidney  (PDK) ,  continuous 
canine  thymus  (CCT)  and  the  Walter  Reed  canine  (WRC)  cell  cultures. 

In  addition  an  untreated  mixture  of  the  3  stool  suspensions  was  fed 
to  a  4-month  Beagle  dog.  The  dog  did  not  develop  any  signs  of  disease 


A  transmissible  agent  was  recovered  from  1  fecal  specimen  in  PDK  and 
CCT  cell  cultures.  The  agent,  1-71,  was  first  detected  in  PDK  cells 
on  the  sixth  day  of  cultivation.  On  passage  in  PDK  cells,  giant  cells 
were  evident  and  hematoxylin  and  eosln  stained  infected  cultures  con¬ 
tained  multlnucleated  giant  cells  with  some  cells  having  what  appeared 
to  be  destroyed  nuclear  fragments.  The  infected  cultures  did  not 
hemadsorb  guinea  pig  red  blood  cells.  These  characteristics  were 
similar  to  those  of  the  canine  corona-like  virus  L-198R  isolate  de¬ 
scribed  in  the  previous  annual  report  (1969-70).  The  1-71  agent  was 
not  neutralized  by  canine  distemper  and  SV-3  antiserum  or  by  serum 
obtained  23  days  after  feeding  the  original  fecal  suspension  to  the 
puppy.  The  agent  was  reisolated  in  PDK  cell  cultures  and  a  1:4 
neutralisation  titer  was  found  in  the  30-day  convalescent  serum  of 
the  dog  providing  the  isolate.  In  addition,  3  of  4  other  convales¬ 
cent  dogs  had  1:4  -  1:16  neutralization  titers  to  the  isolate.  The 
1-71  isolate  has  been  purified  by  three  terminal  dilutions  and  seed 
virus  pools  have  been  prepared.  Detailed  characterization  and 
serological  studies  are  in  progress  to  compare  the  isolate  with 
other  known  canine  viruses.  At  present,  the  relationship  of  the 
isolate  to  the  diarrheal  disease  is  unknown.  Pathogenicity  tests 
in  dogs  for  this  purpose  are  planned. 


3  *  Recovery  cl  a  New  Canine  Rh<no-l:  ke  Vin  ^  i  i  j_  ...:r  .  *a  r ,  >  r>  I  >e^ . 

Pi  *  rif>  V  prot^icf  i^'n  of  the  WRAIR  bragl«  c  *1  .v  jr  j'-t  ■  r  1  id.  i  ' o  o  i  a 
:riS  wem  s«r  iou:»’y  afiocted  bv  »n  p;  :  o  t  •  !  '•  0j7^«  i'!  *:s  >f  .  I- 

b.irn  r**!,f‘*  In  swine  and  other  species,  p»*rvu  /  i  i  ust*;  haze  been 
a .  ;  iC  a  L  t* d  w  i  :  h  s  t  i  \  I  r :  r t  h  s  and  neons  t  a  !  J  i  st  a  f o  s  j  T  h**  pa  t  v  .am  r 
*i  .swine  has  been  recovered  from  the  Acme m.  n :  br:.r--  .:iicl.  :nav  re  so  It 
in  infection  at  time*  of  conception^.  In  t  he  past  •■ar.  a  parvovirus 
o‘  dugs  was  described  by  this  laboratory  und  anf ;hod\  to  this  virus 
was  found  n;  tin  serum  ot  beadles  of  this  .  (  Ion  y'i>  u  icrTtp.  il 

rhe  recently  described  canine  parvovirus  or  ether  vim!  ntp* n t  ;  wore 
invulvid  in  f  he  loss  of  puppies,  .>emcn  specimens  won  collected  t  rom 
3  dugs  at  the  Cumberland  colony  and  from  a  laocmtory  doc  at  WilAIK. 

Fior.i  tite  emeu  oi  the  laboratory  do^  a  t  raasm  1  N  tut.  .*  3  58, 

\sdti  rccuvcn  d  in  chi  Waiter  Reed  Canine  (Wild  c*  i!  If:  Tin1  agent 

producen  ar.  entero-virus  like  cytopathic  el  fret  linilar  tv  the  canine 
chi i.o-  1  i k*‘  viruses  described  in  the  pr..vin  mu  i  f!c)V>  »•. 

The  nunt  was  chloroform  stable  and  passed  thir.ucd  ■('  rim  *il*  r 
which  retained  infectious  canine  hepatitis  f  I CH ;  virus,  urow* 
the  viics  *as  not  inhibited  by  5- lodo-Dceyyurid  inf  indicatin'  oat 
t u  virus  contained  RNA.  The  agent  was  inactivated  at  pH  3  'i  bus 

i  he  properties  of  this  agent  arc  similar  to  the  rhioo-ljke  -ruses 
described  in  the  previous  annual  report.  Ant  ise  turn  t  >  r  he  prtvituslv 
described  vanfne  rhino  viruses  I198T,  A I  2AT ,  3  -  r  H  anu  Aid  Thr  d  d  not 
significantly  neutralise  with  the  isolate.  Anti  strum  t  ■  the  i  ;  late 
i  o  bring  prepared  in  rabbits  and  guinea  pigs,  further  tut  -  s  v  i  tin 
A  358  isolate  are  in  progross. 

A  ,  l.:* \rt  her  ; •  t  udj «  s  on  the  Proper:  i c s _ o £  Canine  _RJ  J.no-  1  :  ht_  Vi  r  i s 

jJKV )  >  so  I  ites  . 


Yhe  oreviOwJS  annua!  repott  summarized  initial  findings  on  4  apparent* 
iV  new  can.ne  rhin-'-Iike  viruses  (f.RV),  designated  '3-A8,  L-lcoT, 

A 1 2d i  ,  an.  AilfSHir.  bach  virus  contained  RNA,  readily  passed  through 
h  : ’ •  na.  Membrane  filler,  wac  chloroform  and  ether  resistant,  and  was 
rue  t  i  •/ a ;  :c  it  pH  3.0,  a  fifth  similar  isolate  (A  155)  was  d  scribed 
i.»  thr  j  i*c  on  -  ,4e*A  ion  of  this  rporf.  These  fit. dines  would  place 
as*  r4  .  *  >l.r  pi  ornavir-s  group,  more  specifically  v;th  tig* 

*b*.  u  *.  I?  tic*  .  *:i:g  ch<*  pa  at  yea:*  t  wither  r.f  id  i\  c  v«  »n  tarried  ouf 

i  v  ».ie  *  n  prun-^tirs  of  lh<  CKV  with  tin  or  her  *  h  i  u<«v ; :  *.  sv  s  oi 

iii  a:  \  *  '  s  cm  studies  were  carried  ,  »t  o»  i  n  ■  acid 

I  t!,  i  1  tty  j.h  3.0,  .0  an  I  r>.0  ana  t  he  dbi'itv  .  i.uiar  rigreriu  i 

.  .dc  r?-4  ’(';  »>  to  tabilizo  the  viruses  nr  :0«  !  >  ahm  ion, 

se  f  >  *  ^  i  •  1 1  ste.Jlcs  w°ri  Cwinductod  to  determine  tin.  am  i  genic 
if  -  u  4  rst  '*  :  rn  Kites.  '*.nt  i  se;.:t  ^ r  h*  fiftv 
?  u  t  :  ii  p  re  pa  r.»t  i  or. . 
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The  effect  of  pH  3.0,  4.0  and  5.0  on  the  stability  of  the  CRV  was 
determined  (Table  1).  A  known  acid  resistant  virus  (polio  type  I) 
and  acid  labile  virus  (Echo  28)  was  included  for  control  purposes. 
After  incubation  for  one  hour  at  37C  at  pH  3.0  all  CRV  isolates  and 
Echo  virus  28  were  completely  inactivated.  At  pH  5.0  only  1  test 
virus  (Al28Thr)  and  Echo  virus  28  were  inactivated.  At  pH  4.0,  2 
CRV  were  stable  and  3  were  labile.  Polio  virus  was  stable  at  each 
pH  tested.  With  one  exception  (A128Thr)  the  CRV  viruses  differ  from 
the  human  rhinovlruses  in  acid  lability  and  resemble  the  vesicular 
exanthema  virus  of  swine  (VEVS)  and  feline  picornavlruses  (FP)®. 

The  exceptional  isolate  (A128Thr)  also  differs  from  the  other  CRV  in 
its  ability  to  multiply  in  tissue  cultures  from  a  variety  of  species 
other  than  from  dogs. 

Picornavlruses  differ  in  their  ability  to  resist  heat  inactivation 
at  50C  in  presence  of  molar  magnesium  chloride  (MgC^).  Under  these 
conditions  most  human  and  some  swine  picornavlruses  are  stable 
(e.g.,  polio  virus,  echo  viruses),  whereas  many  picomaviruses  of 
lower  animals  are  inactivated  (e.g.,  foot-and-mouth  disease  virus, 
vesicular  exanthema  virus  of  swine,  and  feline  picornavlruses). 

For  comparative  purposes,  the  effect  of  molar  MgCl2  on  the'  stability 
of  the  5  CRV  isolates  was  examined  (Table  2).  Poliovirus  type  I  was 
employed  in  the  testa  as  a  reference  virus.  C  ily  1  test  virus, 
Al28Thr  was  stabilized  by  MgCl2>  The  remaining  4  CRV  resembled  VEVS 
and  FP  in  not  being  stabilized  by  MgCl2> 

The  results  of  cross  CRV  neutralization  tests  with  immune  rabbit  and 
guinea  pig  serums  are  summarized  in  Table  3.  Minor  heterologous 
reactions  of  1:16  to  1:64  of  the  homologous  titers  occurred  between 
A128T  and  L198T  antiserums  and  the  respective  antigens.  The  remain¬ 
ing  rabbit  antiserums  did  not  cross  react.  The  guinea  pig  antiserum 
were  more  specific;  cross  reactions  were  not  observed  between  A128T 
and  L198T.  A  very  minor  neutralization  of  L198T  virus  at  1:4  was 
produced  by  3-68  serum.  The  findings  indicate  that  4  CRV  isolates 
are  antigenically  distinct  and  suggest  that  the  dog  is  Infected  with 
multiple  serotypes,  as  in  the  case  of  human  and  other  animal  infec¬ 
tions  with  this  group  of  viruses.  Further  studies  on  the  structure, 
buoyant  density  and  other  characteristics  of  these  viruses  are  in 
progress. 

5.  Further  Studies  of  a  Canine  "Corona- like"  Virus  L198R. 

The  previous  annual  report  summarized  the  findings  on  the  recovery  of 
an  agent  with  characteristics  of  a  coronavirus.  The  virus  was  j;:i ei¬ 
gen  ica 1 ly  distinct  from  the  coronaviruses  of  chickens  (infectious 
bronchitis)  mice  (mouse  hepatitis)  and  rats  (rat  coronavirus).  The 
canine  isolate  also  differed  from  other  coronaviruses  in  producing 
cytopathic  effects  in  only  certain  canine  cell  cultures  and  a  lack 
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Table  1.  The  Effect  of  Selected  Acid  pH's  on  the  Stability 
of  Canine  Rhino-like  Virus  Isolates 


Virus 

Control 

Virus  Tite~ 
Phosphate 
Buffer  pH  7.0 

Reduction  in  Virus  Titer  After  1 
at  37°C  in  Buffer 

Hour 

Phosphate 
pH  5.0 

Citrate 
pH  5.0 

Citrate 
pH  4.0 

Citrate 
pH  3.0 

L198T 

6.9 

* 

+0.  1 

+0.4 

3.9 

£4.9 

A128T 

6.5 

0.5 

0.2 

4.0 

?4.5 

3-68 

6.0 

+0.5 

+0.5 

0.5 

£4.0 

A358 

5.5 

0.7 

0.2 

1.0 

?3.5 

A128Thr 

6.8 

3.5 

?4.8 

^  4.8 

^4.8 

Reference  Viruses 

Polio  I 

6.3 

0.0 

4-0.2 

0.3 

+0.  > 

Echo  28 

3.9 

>2.4 

>  2.4 

>2.4  ' 

>2.4 

* 

Control  virus  titer 

minus  test  virus 

i  titer. 

♦ 

Table  2. 

The  Effect  of  Molar  Magnesium  Chloride 

on  the  Stability 

of  Canine  Rhinovirus  Isolates 

at  50°C 

1  M 

Virus  Titer  After  1  Hour  at 

Virus 

MgCl2 

5°C 

50°C 

L198T 

0 

8.0 

3.7  (4.3) 

* 

7.7 

4.3  (3.4) 

A128T 

0 

7.3 

4.8  (2.5) 

+ 

7.3 

2.3  (5.0) 

3-68 

0 

6.8 

3.3  (3.5) 

4- 

6.8 

2.8  (4.0) 

A  3  58 

0 

5.8 

2.5  (2.3) 

4- 

5.8 

<2.0  £3.8) 

A  1 28Thr 

0 

7.1 

<1.5  £5.6) 

4 

6.5 

6.5  (0.0) 

To  l  •’  o  I 

0 

6.3 

<1.5  £4.8) 

4- 

6.1 

6.5  (+0.4) 

Charge 

•  in  virus  filer 

at  50°C . 

103 


Table  3.  Cross  Neutralization  Antibody  Tests  of 
Canine  Rhinovirus  Isolates 


★ 

Antiserum 

1/Antibody  Titer  with  Virus 

Strain 

3-68 

L198T 

A128T 

A128Thr 

Rabbit  Serums 

3-68 

>1024 

<4 

Not  Tested 

L198T 

256 

4 

Not  Tested 

A128T 

16 

256 

Not  Tested 

A128Thr 

<4 

<* 

1024 

Guinea  Pig  Antiserums 

3-68 

r  16.000 

4 

<4 

C'+ 

L198T 

4096 

\%  t- 

A128T 

<16 

<16 

1024 

<4 

Al28Thr 

<16 

<16 

<4 

256 

Pre- immunization  serums  did  not  neutralize  the  homologous 
virus  at  a  1:4  dilution. 
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of  pathogenicity  in  laboratory  rodents.  The  report  extends  these 
findings  with  farther  observations  on  the  structure  of  the  virus,  and 
additional  serological  studies  with  a  porcine  coronavirus. 


For  examination  of  vira1  structure  a  WO  ml  p*»ol  n:  rus  wa3  pre¬ 

pared  in  a  continuous  canine  thymus  cell  line*  The  irus  was  con¬ 
centrated  by  ultrafiltration  (Amnicon)  with  a  XM  1 00A  membrane  and 
centrifuged  at  41,000  G.  The  concentration  procedure  increased  the 
titer  from  7.0  log^Q  TOID^/ml  to  9.0  log^y  TCID^/ml.  The  concen¬ 
trated  viral  suspension  was  placed  on  grids  stained  with  2?  phospho- 
tungstic  acid  and  examined  in  a  Siemens  eltctnn  microscope.  Electron 
microscopy  was  done  by  W.  Engler  at  the  Armed  Forces  Institute  of 
Pathology.  The  negatively  stained  virus  particles  appeared  to  be 
typical  coronavirus  particles.  The  virion  wore  pleomorphic  sur¬ 
rounded  with  radiating  spikes  which  had  terminal  knobs.  The  overall 
lengths  of  the  virions  varied  from  110-200  nm  with  an  average  of  150 
nm.  The  spikes  were  approximately  2.2  nr  long  and  the  terminal  knobs 
approximately  1.2  nm  in  diameter.  These  fi  idings  provide  further 
evidence  for  placing  the  L198R  isolate  in  the  cororiuv truss  group. 


During  the  past  year  transmissible  gastroenteritis  (TGE)  virus  of 
pigs  has  been  proposed  as  a  member  of  the  coronavirus  group^.  Anti¬ 
serum  to  TGE  virus  in  canine  serums  has  been  reported  bv  Norman  and 
co-workers  .  Therefore  an  attempt  was  madi  to  compare  the  canine 
isolate  with  TGE  virus  of  swine.  Anti-TCE  swine  serum  was  obtained 
from  Dr.  Ristic  of  the  University  of  Illinois  and  Dr.  Norman  at  the 
National  Animal  Disease  Laboratory,  Amos.  Iowa.  Each  antiserum 
neutralized  the  homologous  TGF  virus  at  a  titer  of  1:1024  and  neu¬ 
tralized  the  canine  L198R  isolate  at  1:16.  Attempts  to  produce  high 
titered  D198R  serum  in  rabbits  ana  guinea  pigs  to  date  have  not  been 
successful.  However,  anti-Ll98R  rabbit  serum  neutralized  L198R  and 
TGE  viruses  at  a  1:4  dilution.  The  ore- immunizat ion  serum  did  not 
have  any  activity. 


In  an  attempt  to  determine  the  intectivity  of  L198R  for  swine  and  to 
produce  a  potent  antiserum,  serotest  negative  swine  to  L198R  and  TGE 
were  feci  ono  million  TCID^of  L198R  virus.  The  virus  was  not  re¬ 
covered  from  rectal  swab  specimens  of  the  infected  pigs  and  the  pigs 
did  not  develop  signs  of  disease.  Neutralizing  antibody  did  not 
develop  to  either  L198R  or  TGE  viruses  28  days  after  feeding.  In 
addition  each  pis  was  given  5  int ramuscular  booster  inoculations  of 
5.0  ml  each  at  7  day  interval?.  Twenty-one  day1  afttr  the  last 
booster  dcr.e  the  pigs  still  did  not  develop  L19ER  antibody.  The 
serological  studies  indicate  that  I198R  and  TGE  viruses  are  related. 
However,  the  ce termination  of  the  precise  relationship  will  require 
potent  antiserum  to  both  viruses.  L198K  virus  differs  from  TGE  in 
cell  culture  host  range  as  L198R  virus  did  not  multiply  in  swine  kid¬ 
ney  cells  and  L193R  did  not  multiply  in  susceptible  swine.  An  attempt 
to  produce  potent  I.198R  serum  in  serotest  negative  puppies  is  in  prog¬ 
rams.  further  comparative  studies  of  TGE  are  in  progress. 


Summary  and  Conclusions. 


1.  Respiratory  Disease  in  Military  Dogs. 

Respiratory  SV-5  Infections  continue  to  occur  In  military  dogs  at  the 
Lackland  Air  Force  Base  Induction  center  and  at  the  Ft.  Bennlng  scout 
dog  training  center.  Eighty-seven  percent  of  newly  procured  dogs  at 
the  Lackland  induction  center  are  serotest  susceptible  to  SV-5  Infec¬ 
tion.  More  than  90%  of  these  dogs  completing  training  at  Ft.  Bennlng 
have  serological  evidence  of  SV-5  Infections.  The  dogs  provided  by 
the  Biosensor  Research  Team  at  Edgewood  Arsenal,  Maryland  are  serotest 
susceptible  to  SV-5.  Consideration  should  be  given  to  vaccinating 
these  dogs  against  SV-5  infections. 

2.  Virus  Studies  of  a  Gastrointestinal  Disease  Outbreak  In  Military 
Dogs  In  Germany. 

In  1970  and  1971  episodes  of  diarrheal  disease  have  occurred  in 
military  dogs  in  Germany.  From  the  fecal  specimen  of  1  dog  a  trans¬ 
missible  agent  has  been  recovered.  The  agent  appears  to  be  similar 
to  the  canine  corona- like  virus  recovered  last  year.  Further  studies 
of  this  agent  arc  required  to  determine  its  pathogenicity  for  dogs. 

3.  Recovery  of  a  New  Canine  Rhino-like  Virus  from  a  Laboratory  Dog. 

An  apparently  new  rhino- like  virus  was  recovered  from  a  semen  specimen 
of  a  laboratory  dog.  The  agent  produced  cytopathic  effects  in  the 
Walter  Reed  canine  line.  The  agent  was  antlgenically  distinct  from 
previously  described  canine  viruses.  Further  characterization  studies 
of  this  agent  are  in  progress. 

4.  Further  Studies  on  the  Properties  of  Canine  Rhino-like  Virus  (CRV) 
Isolates. 

Further  studies  were  carried  out  on  the  properties  of  5  CRV  isolates. 
The  CRV  were  all  acid  labile  at  pH3.0  and  with  1  exception  (A128Thr) 
were  acid  stable  at  pH5.0.  With  the  exception  of  the  same  Isolate 
(A128Thr)  all  the  isolates  were  not  heat  stabilized  by  molar  magnesium 
chloride.  Four  of  the  5  CRV  isolates  resemble  the  vesicular  exanthema 
virus  of  swine  and  feline  plcomavlruses  in  these  properties.  Further 
studies  on  the  morphology,  buoyant  density,  and  other  properties  of 
the  CRV  isolates  are  in  progress. 

5.  Further  Studies  of  a  Canine  "Corona- like"  Virus  L198R. 


The  canine  corona-like,  L198R  virus  was  examined  in  the  electron 
microscope.  Following  negative  staining  typical  coronavirus  parti¬ 
cles  were  evident.  The  virions  were  approximately  110-200  nm  in 
length  surrounded  by  spikes  with  terminal  knobs.  Anti-transmissible 


gastroenteritis  (TGE)  swine  serum  neutralized  L198R  virus  at  l/64th 
of  the  homologous  titer.  The  canine  virus  was  not  infectious  for 
serotest  negative  pigs  to  TGE  and  L198R. 

The  findings  support  the  classification  of  L198R  virus  in  the  corona- 
virus  group. 

The  L198R  virus  is  antigenlcally  related  to  TGE  virus.  However, 
further  experiments  are  required  to  define  the  extent  of  this 
relationship.  Studies  on  the  pathogenesis  of  L198R  in  dogs  are  in 
progress. 
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Invest igators . 

Principal:  Lewis  F.  Affront i,  Ph.D. 

As  sociate:  Earl  H.  Fife,  Jr.,  M.S. 

Descr  i£ i  ion. 

This  work  unit  consists  of  a  contract  tu  prepare  specific  tubercu- 
Lin  antigen  fractions  and  to  supply  the  Department  of  Serology,  WRAIR, 
with  specified  amounts  of  each  antigen.  Fractionation  procedures 
developed  by  the  principal  investigator  are  used  to  isolate  A-protein 
antigen  from  filtrates  of  M.  tuberculoals  cultures,  C-protein  antigen 
from  the  bacterial  cells,  and  po 1 /saccharide  antigen  from  the  cell  walls 
of  the  tubercle  bacilli.  These  antigens  are  used  by  invest i gators  in 
the  Department  of  S<*r  logy  in  studies  on  the  serodiagnos  i  s  of  simian 
and  human  tubercuLsis,  and  for  screening  for  tuberculosis  i,n  the  animal 
of  the  nonhuman  primate  c  lony,  WRAIR 

Progress . 

In  accordance  with  the  terms  of  the  contract,  regular  deliveries 
of  the  A-protein,  C-protein  and  polysaccharide  antigen  fractions  have 
been  made  to  the  Department  of  Serology,  WRAIR  During  the  present 
reporting  period,  the  quality  of  the  C-protein  antigen  was  significantly 
Improved  by  preparing  the  fraction  from  the  tubercle  bacillus  rather 
than  the  culture  filtrate.  The  present  antigen  is  considerab ly  more 
stable,  more  sensitive,  and  gives  much  less  nonspecific  fluorescence  In 
tests  with  sera  from  nontubercu Lous  donors.  In  recent  comprehensive 
studies  on  simian  tuberculosis,  the  new  C-protein  was  superior  to  the 
A-protein  and  polysaccharide  antigens  for  early  detection  of  active 
disease.  The  three  antigens  now  are  being  evaluated  for  their  efficacy 
in  detecting  human  tuberculosis  and  for  appraising  therapeutic  response. 
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Project  3A 061 101 A91C  IN-HOUSE  LABORATORY  INDEPENDENT  RESEARCH 

Task  00,  In-House  Laboratory  Independent  Research 

Work  Unit  190,  Tropical  Disease  Bulletin  Information  Retrieval  System 

Investigators 

Principal:  Harry  W.  Voccola 
Associate:  June  A.  Schafer 

Description 

The  purpose  of  this  effort  is  two -fold.  The  first  objective  is  to  develop  the 
software  capable  of  handling  the  input  created  by  the  encoding  of  the  Tropical 
Disease  Bulletin  and  to  manipulate  it  so  as  to  correct  errors,  build  the  file, 
reformat  index  tapes  suitable  for  handling  by  the  regular  Biological  Abstracts 
system.  The  second  objective  is  to  develop  a  search  technique  capable  of 
handling  full  text,  fractions  of  words  within  text,  and  ultimately,  manipula¬ 
tion  procedures  involving  the  discovery  of  synonyms  without  the  use  of  a 
thesaurus. 

During  the  past  year  the  TEMAC  and  MAP  programs  used  to  build  and  correct 
the  flies  needed  by  this  project  have  been  converted  to  FORTRAN  for  use  on 
the  CAC  3300.  In  addition  FORTRAN  programs  for  use  on  the  3300  have  been 
written  to  search  the  files  and  format  search  output.  This  conversion  will 
enable  us  to  carry  out  the  second  objective  of  this  project  at  the  WRAIR  com¬ 
puter  installation.  In  addition,  the  use  of  a  higher  level  language  will  facili¬ 
tate  any  additional  programs  conversion  that  might  be  necessitated  by  equip¬ 
ment  configuration  changes  at  WRAIR.  The  entire  system  is  correctly  being 
documented. 

Summary  and  Conclusions 

With  the  accomplishments  of  the  conversion  good  progress  has  been  made  to¬ 
ward  the  goal  of  bringing  this  project  in-house.  Preliminary  experiments  in¬ 
dicate  that  the  bit  screen  approach  to  Full  -text  searching  should  be  productive. 
If  further  experimentation  confirms  this  conclusion  the  capability  for  handling 
textual  data  should  find  broad  applicability  within  the  Army  Medical  Service. 
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>MCTI»1*  14  »  PMNRMftftft  /OWNlM  »—««<ftNl  lAwtWU  N  »  FWIIA  MI  •*  AM*  **M  Ml 

23(U)  The  purpose  of  inis  research  is  to  study  various  physiologi  *ai,  immunological 
and  ecological  aspect,  of  parasiti  diseases  of  military  importance  toward  the  goal 
of  gaining  a  better  un  lerstanding  ot*  r  atural  .u.  n  |  *  i Li  1  i  ty ,  acquired  resistance  and 
the  effectiveness  of  therapeutic  agents  for  the  prevention,  suppression  and  treatment 
of  these  infections. 

24(U)  Through  careful  perusal  of  pertinent  literature  a:  i  liseussion  with  other 
scientists  both  classical  an!  n<  w  methods  ar»'  u  <  J  to  set  up  *ontrollei  experiments. 


2^(U)  70  07  -  71  -  Ut>  highte»,h  Aotu.  trivirgatu~ 

Schistosoma  haematcoium, 
in  0.  Japonicum  monkey:*, 
other  species  an  i  more  , 

(rhesus,  pigtail,  green, 
species  were  susceptlh  1 
were  the  least, 
of  the  disease. 

S,  mans  on  i  and  f».  Japoni  mjt.  in  rhesus  monkeys.  For  technical  report  see  Walter  Reed 
Army  Institute  of  Re..»  ar  l  Annua  hrogr**ss  Report  1  Jul  70  -  J>0  Jun  71  * 


. » *y  wt -re  Infected  with  either 
.  man.  on i  or  0.  japonicum.  fhe  most  severe  lesions  were 
More  tis.ue  damage  was  produced  by  .  japonicum  eggs  than 
*.  w»  r  produced.  Iventy- 1 hr*  e  other  primates  of  *)  species 
>w  1  aril  t  r*e  shrew)  were  infected  wit!  ■  haematobium.  All 
lr-  en  mon i*.  *y.  w'*re  t re  most  susceptible  and  tree  shrews 
noth  parasit*-  species  and  host  pccies  are  important  in  pathogenesis 
A  nl tro vinyl furan  had  '*onsiderable  antischistosomal  activity  against 
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Project  ?AQ(:  U  K'E7U<  CAMdUdlCAlvLt:  bIGEAGK:  ANA  TROPOLOGY 
i’a.*K  00,  ^ornmuni  caole  Di.  an  i  Inmunoic yy 

v  i :  • . i i  t  1  op  ,  l  nra.i 1  i  *  li  va  •*. 


,  t, *■  f  i  tor. 

l’i"i  iw*i.  i)H..  :  h.  .1.  uAdun.  -mb.,  ih.  Pur 

Asm  ■  •  Late :  .] .  G  .  K>nrsoo  is;  :\.  iueuiug;  A  A. 

?T  MAJ  A.  .  Hi  rtman.  70;  A.  voi. 


•«*v«.r:  LA.J  0.  G.  Erick: 
* ! .  t'  • ! 1 1  “I  v 


.  'hi.  tn.  o!<a  ha*  .'wit  oi.ium  inf*’1 .-ti: -ns  in  1‘  1  v •  sp-c-i**.  of  nrimates. 


.  in fnir.Ar.y’s  *. s**rit  t  ion  of  i-  ions  in  th*  i.'adh'r  an  d  ureters  cl* 
sriv*  y  r..  i :k-*ys  •  >:]  rlmtntally  inteet'  *  A/it):  to/oma  haematobium,  sev- 

r;A  n-  it*.’  of  :  mi  mat-  s  have  !  sen  .  Tudi"'!  i  r/f^rim*  rita!  hosts  of  this 
snrasi  ts* .  Gtn.ui-,.  found  worm:  only  in  the  !n-rer:t».-ri  *  vein.'*  ami  iiver  of 
v  ri<  ■  Malang  mum-u  tg  '“<nr  ’  *  .  Me>*rioy  an:  Mi.  •  r-  ,Y.iui  i  -rms  in  the-  Penes 
mi  urin».  <*f  (  :■-  j  n1  tm  nr.-.y  (M.  mu  la  1?  n; .  ha4  feuic  .no  worms  during 

*i  nubseiiu-nh  ;  .  i  -’-ort-m  examination.  Ys.aiA:9  on  i  Ma  AKAtir  inlVro+ed 
*  r  m:1  t.ht.-e  n  .  an  1  rai  io  noma  ir :  • :  :ltu  a-.  i.nf  H.t  molatte 

with  f.  haemal, iur. ;  dorian  an:  Gently  io :  svi:  *:  i.nf'  :tions  in  five 
A*  < )\  1  in- -sts  a-fhi  1 1 1  nuilrni i. ;  and  dur  ian  •  i  a  .  r  curled  that  baboons 

a-  r  :•  iativ  .  n .*  •*  :  *ibi  ani  :•  v;  ;  1  mam  *•  :  urinary  lesions.  Ex- 

i  -siro-nfa  !  i  n ^  •  r  t  in  mangat-  us  an  J  ir  “.ir- 1  an ::<■».  :  w  re  described  by 
\l  ■  Hr  n  L :  :  ’  *  ty  •  :  etnei  ;  rimat<-  .-|  *■  *inr  to-  this  parasite  is 

■  .m4*  -A  ]y  an  :■  I.nvu.  libation.  rb*  on*  :y.  .  aGuri  -.-t  «]  .  m.-ported  that 
I  i:  n'm.’.ee.  (An  ..atyr  is)  rimmnta  1  .sy  in:\ct»*j  with  f_.  haematobium 
i*.  v*  Ini-*;  !  .  if  c.  i ; »  urinary  ty  tern  whi  m  are  remarkably  similar  to 

t  »•  -  t*  r  for*  ;  i  r  man.  !;ov.  v**»* ,  tie.  iuxve  .  i  .  star  *ity,  and  rela- 
bishy  hish  o/i.  t*s?ii  c.-  r*.  ■tri-t  the  use  of  thi.  host  model. 

I”.  uvn?  *  su  ■  i  t.ibi  1  it;/  r**t  n't*  i  in  :i.(T**rent  hosts  led 

’  *■  !■!'".  •  irs.--;  4  i  ur  L  ..  in  wh'i  u  inf  h  *i..  -‘r  an  Iranian  strain 

•  uf  JliL:  :  J_  om.-'P*’  ;  in  fiv-  ss«*. ■]••..  of  primates.  The  animal’s 

>4v.-  f  u.  ’  1;  ..  i  .  s'*.  i  frur  t  r  r '--niar^  <  f  parasites  de- 

■ ;  i  • '  in  .A.  ’  »  wth  and  natural  ion  i:  ti*e  worms,  the  location 

•  h*  -V'  ru  .  ;  n*  ‘  ,  i  n yt;  sk  r * s *. • :  a t » •  A.  ;  rlon,  the  ability  or 

*  huivo  rsu  isl  *  *•:<’"*  lien,  the  distri- 

‘  :  ar.  is'.:  -(n  in  tn  f*  s  »:  is,  vari  es  i.rfans  and  the 

*■  :  4  «  i  si  i  f‘  A  ;  nfv*-1  i  n . 

:  '  .  *  .  14  !.*•::  Ai>  :*.a  ^  -  a  mu '  alt  a  (rhesus  mon- 

5.  # si  ■  ;  i  .pm  y  A  i  wo  ft  t  LTitiwcut  sabaeus 

:  .  i  me  .  hr  w)  an  ,  .  »»ven  Actus  trivirgatus 


S.  haematobium  (Iranian  strain)  cercariae  were  obtained  from  31 
Bulinus  sericinus.  All  animals,  except  the  owl  monkeys,  were  exposed 
to  the  same  cercarial  suspension  by  placing  cercariae  into  hand-held 
glass  rings  placed  for  30  minutes  on  a  clipped  and  rinsed  area  of  abdom¬ 
inal  skin.  Six  owl  monkeys  were  exposed  on  another  day  and  owl  monkey 
No.  2  was  exposed  separately.  As  shown  in  Table  2,  doses  varied  from 
100  to  1,000  cercariae  per  animal  given  in  a  single  exposure.  Hamsters 
were  exposed  to  200  cercariae  from  the  same  cercarial  pool  as  infectivity 
controls . 


Fecal  examination  before  exposure  revealed  no  schistosome  eggs. 

Weekly  examinations  of  feces  and  of  centrifuged  urine  specimens  were 
begun  5  weeks  after  exposure.  The  fecal  samples  were  examined  by  the 
AMS  III  technique.  The  viability  of  eggs  was  determined  by  the  miraci- 
dial  hatching  technique.  Hematocrit  determinations,  white  blood  cell 
counts,  and  differential  counts  were  conducted.  Serum  electrophoresis, 
total  protein,  glutamic-oxaloacetic  transaminase  and  glutamic-pyruvic 
trans  oninase  determinations  were  made.  The  presence  of  antibodies  was 
detected  by  the  fluorescent  antibody  technique.  Necropsy  was  performed 
25  or  27  weeks  after  exposure  except  with  owl  monkey  No.  2  which  was 
killed  after  1 6  weeks.  After  injection  of  heparin,  each  animal  was  bled, 
and  the  pelvic,  mesenteric  and  hepatic  vessels  were  perfused  separately, 
as  described  by  Sadun  et  al.  Worms  were  measured  unfixed. 

All  major  organs  were  dissected  free  after  perfusion  and  examined 
for  gross  pathologic  changes.  Samples  were  collected  for  histopatho¬ 
logic  studies  and  for  tissue  egg  counts.  Tissues  for  histopathologic 
examinations  were  fixed  in  buffered  ICP/o  formalin  and  were  subsequently 
stained  with  Delafield's  hematoxylin  and  eosin.  Egg  assays  were  per¬ 
formed  by  potassium  hydroxide  digestion. 

In  conducting  the  research  described  in  this  report,  the  investi¬ 
gators  adhered  to  the  "Guide  for  Laboratory  Animal  Facilities  and  Care," 
as  promulgated  by  the  Committee  on  Revision  of  the  Guide  for  Laboratory 
Animal  Facilities  and  Care  of  the  Institute  of  Laboratory  Animal  Resources, 
National  Academy  of  Sciences  -  National  Research  Council. 

Serologic,  hematologic  and  biochemical  studies 

Monthly  fluorescent  antibody  (FA)  tests  were  performed  from  the 
time  of  exposure  until  the  end  of  the  experiment  for  ail  animals  except 
the  tree  shrews  and  the#owl  monkeys.  The  course  of  antibody  protection 
was  quite  similar  for  all  animals  (Table  l).  No  antibodies  were  de¬ 
tected  prior  to  and  one  month  after  exposure  to  infection.  Two  months 
following  exposure  antibodies  were  present  in  all  animals  except  one 
rhesus  and  two  pigtail  monkeys.  Three  months  after  infection  all  but 
one  (No.  664)  of  the  animals  tested  had  developed  fluorescent  antibody 
titers  ranging  from  1:16  to  1:2 56.  By  the  end  of  the  experiment  all 
but  one  monkey  (No.  664)  w^r-  still  positive  with  titers  ranging  from 


i:l6  to  1:2^,.  Thi a  monkey  had  the  create et  won;:  uuiv.en  at  necropsy, 
bat  demonstrated  a  positive  FA  (]:l£)  cr  I;/  urinr  the  fourth  month. 

No  consistent  and  significant  abnormal itio  w  r*  .  -r  si  in  the  hema¬ 
tologic  and  biochemical  observations . 

Farasitologie  and  pathologi *  ol : er sarjons 

Hie  result.*  are  summarized  in  Tables  .  ,  v  ,  an  i  .  Mean  worm 
recovery  in  the  hamsters  was  2m  per'-ent,  (h  male.  :i  Ibmnl*).  Eggs  in 
feces  and/or  urine  of  all  infected  animals  Vav*'v*e  normally. 

hhosur  monkey 


All  animals  of  this  group  became  inf*  •f'U.  an  j  tn-  p  r  *ent  of 
recovery  of  adults  varied  from  0  to  fjb.  Most  para;  ilt.s  v  r  recovered 
from  the  liver  and  the  branches  of  Ur  mesenUri  •  v*-noa.  system*  A 
disproportionate  number  of  male  to  female  worms  wn  oi:s^rv-s  (approxi¬ 
mately  10  to  i) ,  but  most  females  were  paired  with  males  in  the  me  non - 
eerie  veins.  In  all  but  two  animals,  >-rr  w*.u»  fours*  in  tne  f~ces  1} 
to  17  weeks  after  exposure,  but  they  wer»*  ptv  on-  only  for  a  few  weeks, 
Ei-v.  were  detected  in  the  urine  of  two  animals  on  one  occasion  after 
or  21  weeks  ol*  infection,  but  eggs  were  never  seen  in  the  feces  on 
one  of  these  (ho.  7^(0  .  Organ  egg  assays  revealed  ogps  primarily  in 
f iic  large  intestine  and  the  liver,  but  a  few  epgc  were  found  in  the 
..mull  intestine,  lungs  and  bladder.  None  of  the  monkeys  of  this  spe- 
.■.f's  had  marked  gross  abnormalities.  Two  of  tin  animal.-  had  no  gross 
lesion.  .  In  the  other,  erythematous  spot,  w  *r*j  seen  in  the  colon 
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Table  2 

H  «rwi  Itn  itvt  rirs  m  \f  onkrys  Exposed  to  SchistoHoma  haematobium 


Worms  recovered 


Animal  m >.• 

No. 

cercariae 

Inferior 
\ena  cava 

Malf  IV. 
male 

Mesenteric 

veins 

I.iver 

!  mile 

|  1 

Total 
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Worm 

length  (mm) 

male 
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male 
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occasionally,  and  a  few  white  areas  were  seen  in  the  liver.  Discoloration 
of  the  bladder  mucosa  war  observed  in  two  animals,  but  histologic  ex¬ 
amination  did  not  reveal  bilharzial  lesions.  Microscopic  examination 
revealed  moderate  numbers  of  eggs  and  granulomas  in  the  liver  and  colon 
(Fig.  l)  and,  rarely,  in  the  lung.  Granulomas  were  usually  composite. 

In  addition,  portal  fields  were  diffusely  infiltrated  with  inflammatory 
cells,  predominantly  lymphocytes  and  eosinophils.  Some  of  the  portal 
veins  showed  endophlebitis .  One  animal  also  had  endophlebitis  of  a 
pancreatic  vein. 

Pigtail  monkey 

Both  of  the  animals  exposed  to  cercariae  became  infected.  Nearly 
all  adult  worms  recovered  at  necropsy  were  recovered  from  the  inferior 
vena  cava.  As  in  the  rhesus,  a  disproportion  of  male  to  female  worms 
was  observet  (2r:l).  Eggs  were  detected  in  the  stools  of  the  animals 
14  weeks  after  exposure,  but  were  never  found  in  the  urine.  Organ  assays 
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revealed  that  most  of  the  eggs  were  in  the  large  intestine  and  liver 
with  some  alto  in  the  lungs,  small  intestine  and  bladder.  The  adult 
worms  recovered  were  weji  developed,  mature  and  of  normal  length. 

Although  both  monkeys  showed  erythema  of  the  bladder  mucosa  at 
necropsy,  no  lesions  wor-1  seen  by  microscopic  examination.  The  re- 
mairnng  organs  were  normal  when  examined  grossly,  except  for  esopha- 
postome  lesions  of  the  colon  and  a  larval  cestoue  in  tht;  mesentery. 

The  bilharaial  lesions  seen  by  microscopy  were  similar  to  those 
iT  the  rhesuM  iorun:  iDmar  were  seen  in  the  lower  colon  (Fig.  2)  and 
liver,  aai  portal  hJ rbitis  wan  marked  in  one  of  the  animals  (Fig.  3)* 

dreuL  mur  k  ey 

ooth  animals  of  thi^  species  became  infected.  The  percent  recovery 
of  worms  was  19  and  2$,  The  worms  were  mature,  well  developed  and  longer 
than  those  recovered  from  the  other  species.  Although  most  worms  were 
.•vein  irea  from  i  ho  mesenteric  veins,  a  considerable  number  were  also 
r  r<*d  from  Me  inferior  vena  cava  in  one  animal.  Mgs  were  found 
Ln  M-'  fee  .*x  of  one  of  the  two  animals  12  weeks  after  exposure  and  in 
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the  urine  of  both  animals  24  weeks  after  exposure.  While  most  of  the 
tissue  eggs  were  found  in  the  large  intestine,  many  eggs  were  also 
present  in  the  bladder  of  one  animal. 

No  significant  gross  lesions  were  seen  in  either  monkey,  except 
for  a  foreign  body  in  the  bladder  of  one  animal  which  was  accompanied 
by  histologic  evidence  of  non-specific  inflammation. 

Microscopic  examination  demonstrated  scattered  eggs  and  granulomas 
in  the  bowel,  liver  and  lung,  but  not  in  the  bladder.  Pseudotubercles 
were  relatively  scant  and  tended  to  contain  only  a  single  egg.  Mild, 
focal  endophlebitis  was  seen  in  the  portal  veins. 

Tree  shrew 


Only  one  animal  of  this  species  was  infected.  The  percent  recovery 
of  worms  was  low  (4$) ,  and  the  worms  were  found  exclusively  in  the  mes¬ 
enteric  veins.  As  in  the  other  species,  the  numoer  of  male  worms  re¬ 
covered  greatly  exceeded  the  number  of  females.  No  data  are  available 
on  the  egg  recoveries  from  these  animals . 

No  significant  gross  lesions  were  observed.  A  few  eggs  and  granu¬ 
lomas  were  seen  in  the  colon  and  liver  of  the  infected  animal . 


Klu.  1  Hill  Ml'  mimkrv,  mloll.  ('onipo-jlr  :ilililoin:a^  m  tin  <ol<»m«  -ill  ihiuro>a  ;  1 1 1« 
illll-  Jirr  ili'Ul’MiTJitr.  I  lie  lointi  i-  in  tin  |  iiiliim  Malic  willi  minimal  I'uimtilnr  111  Util  n- 
1'inlifi  ration  ■  1 1 1  *  I  |  >i  *ri  i  >in  ral  mononuclear  •  <  ll>  H  &  K.  *  2  so 


Kiri.  2.  Pigtail  monkey,  colon.  Karlin*  compn-itc  mmniloma  \mi!i  *  uu  -In  11-  ami  « 1«  - 
Hi ’lie  rat  i*  c^'.s  in  tlir  epithelioid  nil  stanc.  Minicwhat  more  miju  ifii  ial.  wiili  milaimniiinn  of 
lamina  piopria.  II  Ar  F  *  2S(). 
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Owl  monkeys 

A s  evidenced  by  eggs  recovered  from  the  feces,  all  seven  animals 
became  infected.  However,  only  three  of  the  seven  had  worms  at  necropsy. 
The  percent  recovery  of  adult  worms  varied  from  8  to  49.  The  worms  ap¬ 
peared  normal  in  size  in  one  animal  (No.  29)  but  were  stunted  in  another 
(No.  jO)  in  which  the  females  had  no  eggs  in  utero .  Most  worms  were  re¬ 
covered  from  the  mesenteric  and  intrahepatic  veins.  However,  in  one  monkey 
of  this  series,  nine  worms  were  also  recovered  from  the  inferior  vena  cava. 
Ea^ly  in  the  infection  (6-7  weeks)  eggs  were  found  in  the  feces  of  all 
animals  studied,  but  no  eggs  were  found  in  the  urine.  The  highest  con¬ 
centration  of  eggs  in  the  tissues  was  in  the  liver  and  large  intestine. 

No  gross  lesions  were  observed  in  5  of  the  7  animals.  One  monkey 
ha  i  ]  .  >:udotubcrcles  visible  on  the  liver  surface,  and  1  -  2.5  mm 
sli  htly  elevated  reddish  patches  in  the  bladder,  rectum  and  cecum. 

Mi  .To.-'-opic  examination  of  this  animal  demonstrated  mostly  composite 
■ranuioma.-  in  the  liver  (Fig.  4),  lung  (Fig.  5)  and  bladdei  (Fig.  6). 
hiv'-r  invo.lv- -merit  was  relatively  intense,  with  diffuse  portal  inflamma- 
U  ry  infiltration,  and  prominence  of  reticuloendothelial  cells,  but 

is*. 


* 


without  portal  endophlebitis .  Numerous  eosinophils  were  seen  in  tn»* 
granulomas  and  portal  spaces  (Fig.  4).  The  lung  granuloma:*  were  laiv« 
poorly  delimited  and  mostly  composite  (Fig.  b)  .  Th-  lesions  ol'  th»* 
bladder  submucosa  were  similar;  the  ’.ubepithelial  layer  adjacent  to 
granulomatous  lesions  was  also  mildly  and  diffusely  in  named  (Fig.  n) . 

Although  all  of  the  five  primate  species  studied  became  experimen¬ 
tally  infected  with  £.  haematobium,  their  susceptibility  and  the  eour:> 
of  infection  varied  considerably.  In  general,  the  pigtail,  the  gr<*en 
and  rhesus  monkeys  were  more  susceptible  in  that  worms  persisted  until 
necropsy  and  viable  eggs  were  passed .  Most  of  the  worms  were  found  in 
the  portal  circulation,  and  most  of  the  eggs  and  granulomas  were  observed 
in  the  intestine  and  liver.  However,  even  in  these  animals,  eggs  w  *r 
found  in  the  urine  only  occasionally,  and  they  appeared  late  in  the* 
course  of  the  infection  and  persisted  lor  only  a  few  weeks.  The  tree 
shrew  demonstrated  the  most  evident  natural  resistance  to  this  parasite. 
No  eggs  were  found  at  any  time  in  the  feces  or  urine  of  these  animals  . 

It  is  of  interest  to  note  that  the  green  monkeys  were  not  signifi¬ 
cantly  more  susceptible  to  infection  than  were  the  rhesus  monkeys,  though 
they  are  more  susceptible  to  S.  mans  on  i  than  are  the  rhesus. 

Our  observation  may  be  influenced  by  the  relatively  small  number  of 
female  worms  present,  since  light  infections  with  £.  mans on i  do  not  show 
as  marked  a  tendency  toward  self-cure  as  do  heavier  infections.  However, 
the  observation  that  a  greater  percentage  of  the  worms  in  the  green  mon¬ 
keys  were  found  in  the  mesenteric  veins  rather  than  in  the  liver,  as  was 
the  case  in  the  rhesus,  and  that  an  over-all  greater  percentage  of  female 
worms  persisted  in  the  green  monkeys,  may  indicate  a  more  suitable  host- 
parasite  relationship  with  them. 

An  important  indication  of  natural  resistance  might  be  an  altered 
ratio  of  male  to  female  worms,  since  the  latter  may  be  more  vulnerable 
to  the  host  response.  It  is  noteworthy  that,  whereas  the  overall  male 
to  female  ratio  in  the  pigtail  was  about  24:1,  and  in  the  rhesus,  about 
10:1,  in  the  green  monkey  it  was  about  8:1.  This  ratio  in  the  owl  mon¬ 
keys  was  about  2:1,  but  they  were  not  exposed  to  the  same  cercarial 
pool  as  were  the  other  species.  However,  the  predominance  of  male 
worms  in  S.  haematobium  infections  in  experimental  animals  is  common, 
and  the  sex  ratio  may  even  vary  depending  on  the  time  of  exposure  to 
the  same  batch  of  cercariae;  thus  our  results  may  be  merely  a  reflection 
of  this  phenomenon. 

Spontaneous  regression  of  lesions,  elimination  of  eggs  in  tissues 
and  a  tendency  toward  self  cure  occurred  in  the  owl  monkeys.  Although 
all  the  Aotus  monkeys  had  eggs  in  their  feces  during  the  period  oh 
study  only  2  of  the  6  exposed  to  the  same  cercarial  pool  had  worm, 
present  at  necropsy,  and  the  worms  in  one  of  these  were  stunted  anc  the 
females  had  no  eggs  in  utero .  The  infection  in  these  animals  was  charac¬ 
terized  by  composite  granulomas  with  occasional  endophl ebitis  of  the  por¬ 
tal  veins.  In  those  owl  monkeys  in  which  infection  persist'  *.  liver 


Ktci.  3.  Pintail  monkey,  liver.  Portal  vein  with  marked  endophlel>it  i 
ititlaminaiorv  cell  infiltration,  intact  arti  rv,  Idle duets,  and  nurenehvnia. 
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involvement  was  relatively  intense  with  diffuse  portal  inflammatory 
infiltration  and  prominence  of  reticuloendothelial  cells,  but  without 
portal  endophlebitis .  A  more  detailed  analysis  of  the  pathology  in 
this  species  is  being  reported  separately  as  a  part  of  a  comparative 
study  of  three  species  of  human  schistosomes  in  the  owl  monkeys. 

The  number  of  eggs  in  tissues  per  female  worm  for  all  species 
(Table  4)  was  much  lower  than  that  in  chimpanzees.  This  may  represent 
differences  in  the  rate  of  egg  production  or  egg  destruction,  or  both. 
Cercopithecus  and  rhesus  monkeys  apparently  destroy  eggs  deposited  in 
tissues  much  more  rapidly  than  do  chimpanzees. 

The  present  observations  suggest  that  the  percent  recovery  of 
worms  within  a  few  months  after  exposure  to  primary  infection  is  not 
completely  reliable  as  a  measure  of  host  susceptibility,  since  those 
factors  favoring  successful  migration  and  maturation  of  schistosomes 
are  not  necessarily  the  same  as  those  favoring  longevity  of  the  parasite 
and  sustained  patency  of  infection.  In  this  respect  these  observations 
are  essentially  similar  to  those  obtained  in  comparing  the  susceptibility 
of  10  species  of  primates  to  infection  with  S.  mansoni. 

No  direct  correlation  could  be  observed  between  susceptibility  and 
the  natural  habitat  of  the  primates  studied.  The  histologic  character¬ 
istics  of  the  granulomas  were  variable  as  to  stage,  size  and  number  of 
eggs  per  granuloma  within  the  same  species  and  none  of  them  showed  le¬ 
sions  distinctive  from  any  other.  Variations  seemed  to  be  mainly  a 
function  of  time  an  1  intensity  of  oviposition. 

2.  Comparison  of  Schistosoma  haematobium,  S.  mansoni  and  S.  japoni  Mir 
infections  in  the  owl  monkey,  Aotus  trivirgatus. 

Recent  observations  in  the  chimpanzee  have  demonstrated  significant 
differences  in  the  topography,  type  and  severity  of  lesions  resulting 
from  experimental  infections  with  the  3  human  schistosome  species.  Mod 
comparative  studies  in  the  past  were  conducted  in  small  laboratory  ani¬ 
mals  such  as  mice  and  hamsters,  or  in  less  susceptible  hosts  where  path¬ 
ologic  patterns  are  different  from  those  observed  in  man.  When  primates 
were  studied,  comparisons  were  limited  to  only  2  parasite  species.  A 
comparison  of  the  granulomas  around  the  eggs  of  the  3  species  of  human 
schistosomes  was  conducted  by  Warren  and  Domingo  by  injecting  eggs  into 
the  tail  vein  of  mice.  They  observed  that  the  granuloma  formations 
around  S.  mansoni  and  S.  haematobium  eggs  were  similar,  where*  >  those 
around  C.  japoni  cum  eggs  were  different  and  resembled  a  "foreign  body 
response.”  Thus,  observations  by  various  workers  suggest  that  varying 
granulomatous  reactions  to  various  schistosomes  may  be  a  function  of 
the*  host  species  as  well  as  of  the  parasite  species. 

A  search  for  hosts  which  might  serve  as  models  for  human  schisto- 
sumia:  is  has  been  conducted  in  our  laboratories  for  more  than  decade. 

In  the  source  of  these  studies  we  observed  that  the  owl,  or  night  monkey 


(Aotus  trivirgatus)  van  susceptible  to  infection  witn  ail  3  human 
schistosomes.  This  report  summarizes  observations  on  the  relative 
susceptibility,  course  of  infection  and  host  response  of  the  owl 
ironkey  to  the  j  species  of  human  schistosomes . 


The  Act  us  trlvirgatus  monkey;  used  were  htnineci  from  Colombia 
through  primate  dealers  and  were  healthy,  active.'  adolescents  weighing 
approximate ly  yOQ  m  at  the  time  of  exposure.  Fecal  examination  prior 
to  .xposurt  revealed  no  schistosome  egg.1  .  Necropsi*.  of  a  large  number 
of  animals  of  this  species  use  1  in  our  malaria  research  have  never 
yielded  evidence  of  natural  schistosome  infections. 


C'  rcaria^  for  exposures  were  obtained  from  rulinus  sericinus , 
domphalaria  glabrata ,  and  Qncomdania  ncsophora  mails  imported  with 
C.  haematobium  (Iranian  strain)  ,  b,.  mansonl (Puerto  Rican  strain)  or 
£.  japonicum  ( Japanese  strain),  respectively.  Animals  were  exposed 
while  anesthetized  with  phencyclidine  after  the  right  lateral  abdominal 
kin  bad  been  shave*’:  and  washed  with  dechir.rir.atei  water.  Exposures  to 
•1*  niansoni  anj  £ .  haematobium  eereariae  vem  accomplished  by  pipetting 
the  lesireJ  volume  of  cercarial  suspension  intr  2 . r  x  l.;<  cr.  glass  rings 
nauu-hei'd  on  the  skin  for  30  minutes.  Monkey:  were  exposed  to 
£.  janoni  :um  by  placing  counted  oereariae  in  the  skin  with  a  loop  cf 
monofilament  nylon.  Seven  animals  were  exposed  to  ^30-575  S.  haematobium 
(*»*reariac  (Table  6),  6  to  100- l, 000  S.  man  coni  esreariae  (Table  7)  and 
,  to  VO-bOu  £.  japonicun  cercariae  (Tabl  8).  Albino  mice  or  hamsters 
w  -re  exposed  to  the  same  cercarial  suspensions  as  infectivity  .controls. 
Ail  animals  exposed  to  a  given  schistosome  species  were  exposed  to  the 
.  amt  corcarial  suspension  except  ‘"or  J.  haematobium  animal  No.  2  and 
f .  ir.minoni  animals  No.  obt  anu  08^  whicn  wen  exposed  on  different  days. 

V  *ai  examination  for  all  animal:  and  urine  examinations  for  animals 
<•  i  to  £  haematobium  were  begun  five  weens  alter  exposure  and  con- 
t.  j  weedy  unfix  necropsy,  reeas  specimen:  were  concentrated  by  the 
Ad  Hi  techniqut  or  de  formalin-*  thcr-buf fered-aicclic  1  technique, 
brine  spocip'Uis  wen  ‘entri fug-  d  lefon  *  xa.ij.ria •  ior,  for  E.  haematobium, 

•r,f. • fne  viabijitj  of  eg/s  was  ueteriminod  by  mirusidial  hatching. 

-Allb in.  necropsy  lh“  schistosomas  wer«  co Lied,.!’  by  perfusion.  The 
i  -.1  .  '--I.-  w  i  t  rfu  t  .1  :  ‘.l*:  vu  ly  ii.  anira.*  infected  with 

d  df  dtib*  Worn;  uumoers,  distribution  and  length  wore  determined . 

d  nr»  measured.  urri/ed. 


A  1  *  me , * 

>  '  i :  *  ,  j  o  ’ .  re 
;  *  •  s .  / .  and  ; 
in  utra: 

-  i:i  uc  u  os  hi 
tnc;ir...nv  . 
i.ydrex**  ■  1  .  K 
«’*  ,-i  rioi  .  l ^ 


r  CitrUK  >  j"*  vi L:\-ei.  tf  6  fre*  after  pi  revision,  gross  path- 
c.  wen*  rr  tel  and  s n  oi:  -ns  wen  edit  ‘ted  for  tissue-egg 
-  dc' patrol tgy.  ii  .-u-s  for  his t oyat hdegy  wort  fixed 
i*'  r*  J  IH  formal  in  cn  i  stair.eo  with  heiafieid's  hematoxy- 
o'j.er  T...C  fcpeclmetn:  vere  a  a  so  stain*  d  with  Massons1  s 
Lss uo-t gg  assays  were  rate  after  digestion  by  hv  potassium 
can  granuloma  sire  in  the  iiv<-r  was  measured  by  technique* 
>o.n  i.ichtexibcrc. 


Parasitologic  observations 


Schistosoma  haematobium:  Worms  were  found  in  3  of  the  7  monkeys 
exposed  to  this  parasite  when  perfused  1 6  or  28  weeks  after  exposure 
(Table  6).  Worms  war**  recovered  from  the  pelvic  area  in  only  one  ani¬ 
mal.  The  worms  in  animal  No.  jO  were  only  about  one-half  the  length  of 
those  in  No.  2{)  (males,  O.j  mm;  females,  7-0  mm,  vs.  11.3  and  15.8  mm, 
respectively)  and  the  it  males  had  no  eggs  ioi  utero,  in  contrast  to  those 
in  No.  2Q  whi  *h  had  numerou  well- formed  eggs  in  utero.  _S.  haematobium 
eggs  were  recovered  from  the  feces  of  all  7  animals  by  the  seventh  week 
of  infection,  but  eggs  were  never  recovered  from  the  urine.  Eggs  from 
the  feces  hatched  normally  in  dechlorinatod  water.  Fecal  egg  recovery 
was  sporadic  in  ail  animals  except  No.  29,  and  eggs  were  no  longer  de¬ 
tectable  in  5  of  th»*  monkeys  lo  weeks  after  exposure.  No  eggs  were 
recovered  from  the  tissues  of  the  4  animals  which  had  no  worms  remaining 
at  necropsy.  A  few  eggs,  were  found  in  the  tissues  of  monkey  No.  30? 
thus  attesting  both  to  the  former  maturity  of  the  infection  and  to  the 
host's  ability  to  eliminate  both  adults  and  eggs.  Tissues  from  monkey 
No.  2  were  not  digested,  but  many  eggs  were  seen  in  press  preparations 
of  colon  and  bladder.  In  monkey  No.  29,  which  continued  to  have  eggs 
in  the  feces  until  the  firm*  of  rie  ropsy,  the  cecum  and  colon  had  the 
greatest  number  of  eggs  per  gram  of  tissue  (Table  9)*  The  liver  and 
large  intestine  had  approximately  equal  numbers  of  eggs.  Eggs  were 
present  both  in  pr**.  1  ;  reparations  of  bladder  mucosa  and  in  KOH  digests 
of  the  bladder,  aLtnough  gpc  ha  1  never  been  detected  in  the  urine.  No 
diarrhea  or  other  eviden  *e  of  disease  was  seen  in  the  monkeys  during  the 
course  of  this  infection.  Worm  recovery  in  hamsters  used  as  infectivity 
controls  was  approximately  7  percent  18  weeks  after  exposure,  and  one- 
third  of  the  worms  recovered  were  females. 

Schistosoma  mans on i :  All  six  monkeys  exposed  became  infected  and 
had  eggs  in  the  feces  7  weeks  after  exposure.  The  mean  number  of  eggs 
per  gram  of  feces  reached  a  peak  between  13  and  22  weeks  and  tended  to 
level  off  thereafter.  The  eggs  hatched  normally  in  dechlor.inated  water. 
Even  at  the  peak  of  **gg  output  (270  eggs  per  gram  M1  feces)  the  animals 
appeared  healthy  without  any  :i arr:  ea  or  otner  obvious  manifestation  of 
disease.  Worn  recoveries  at  <  and  weeks  (Table  7)  ranged  from  37 
to  63  percent  of  the  xeivarial  exposure.  The  ;  monkeys  exposed  later 
than  the  other  4  (Nos..  •>>'.>  and  me  0  and  ♦  xamined  after  9  weeks  had  24 
and  39  percent  !  *'  tn»-  * r  •  m rd u  1  xp.  moiv  present  as  aduJts.  Worm  re¬ 
coveries  in  min-  us*:  a.  inf’  tivity  •or. trols  ’were  4 7  and  38  percent, 
respectively,  tor  th»*  two  >'xp<tu re  sates.  Varying  cercarial  exposures 
from  100  to  1,000  (vr^aria"  did  not  significantly  affect  the  percent 
of  worms  maturing.  fh* * r-  a'  s  rx  *jvi  :en  .*.*  that  worms  were  eliminated 
or  stunted  in  the  ~T:  r  in:  •• ‘tiou.: .  due  av  eras  L-uig^n  of  worms:  re¬ 
covered  from  animals  p*u*iu.  eu  1-  or  e>  wekr  after  exposure  was  10. 5  mm 
for  males  and  11.2.  *V  r  :  t.tose  xamined  at’t^r  9  weeks  averaged 

8.4  and  p.'f  mm,  r*  .  s*  ••Lv’.ly.  'V.:t  worn:  were  found  paired  in  trie  mes- 

enteri  '  v-ins.  Ti.  .  u  a  rvs  l-m  wnstrateu  that  tnc  Liver  contained 

about  *  ;;er  ' -;g  .  :  *  h-  *  ir»  r.roni-*  ir.!v  ions  (  lai/P'  i  0)  and 


67  percent  in  acute  infections.  Few  eggs  were  founa  in  the  lungs,  and 
those  seen  were  only  in  older  infections.  The  average  number  of  eggs 
per  female  worm  per  week  was  49  in  acute  infections  and  90  in  chronic 
infections . 

Schistosoma  japonicum;  This  parasite  produced  severe  disease  and 
ultimately  caused  the  death  of  all  5  animals  exposed.  Eggs  were  found 
in  the  feces  of  ail  animals  7  weeks  after  exposure  and  hatcher,  normally 
in  dechlorinated  water.  Rioody-mucoid ,  diarrheic  stools  were  common 
during  the  entire  infection  in  thos»*  monkeys  which  survived  only  10 
weeks,  and,  even  in  animal  No.  1  (Table  $)  which  had  only  a  few  schisto¬ 
somes,  patches  of  blood  and  mucus  were  usually  present  in  the  feces 
throughout  the  course  of  infection.  Except  for  monkeys  No.  1  and  No.  9 
which  were  perfused  more  than  24  hours  after  death,  worm  recoveries  were 
relatively  uniform.  The  worms  were  usually  found  paired  in  the  mesen¬ 
teric  veins.  Worm  recovery  in  mice  used  as  infectivity  controls  was  60 
percent.  Worms  in  the  monkeys  perfused  7  weeks  after  exposure  had  an 
average  length  of  10.1  mm  for  males  and  12.7  mm  for  females.  Tissue  egg 
assays  revealed  that  most  of  the  eggs  were  located  in  the  colon  (Table  ll) . 
The  liver  also  had  a  high  concentration  of  eggs.  In  monkey  No.  3>  3 4$  of 
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a  1 .)  tissue  eggs  counted  wcr<  Prom  lie  .'mail  i  nf«  *s  i.  i  n*  ,  and,  a.  w  a.  i  im 
in  alL  G.  japonicum  infccti  d  monkeys.  most  of  Up  eggs  found  in  lh*  -lari  i 
intestine  occurred  in  the  proximal  one-third.  On  a  proportional  <•  ba.  is, 
more  on/:;  wort*  round  in  the  liv  r  in  the  animal  ([‘Jo.  l)  which  survival 
i  *1  weeks  than  in  the  others. 

The  average  number  of  tissue  eggs  per  female  worm  \  *r  w«*e*h  1.  ;  ret  - 

ably  higher  titan  the  true  value  because  of  Ur  difficulty  in  r*  <*c  v  r  i  n 
all  of  the  worm:-  from  the  two  animal:4  perfused  l*h  hours  after  i « *  a  t.  u  a:'!, 
considerable  autolysis  had  occurred.  When  the  nujuber  of  "gss  refovr**. 
uy  tissue  digestion  war  compared  with  the*  number  of  female  worm.",  the 
valuer  of  0.  mansoni  chronie  infection:;  averaged  00  while  that  for 

haematobium  and  G  •  japonicum  were  7 15  and  re;:[eeti.v  ly.  r or 

acute  infections  the  C.  mansoni  averaged  V)  whili  G.  japonicum  nv<  met-d 

0,173. 


Pathologic  observations:  In  general ,  pathologic  lesions  of  not* 
were  confined  to  the*  liver  and  put,  with  lesser  lesions  being  found  in 
the  limp. 

Gross  pathologic  findings:  Groan  .Lesions  were  found  at  noeropry 
in  only  one*  animal  (No.  Ly<j)  exp osed  to  haematobium .  Whitish  j.evuo- 
tubercles  were  visible  on  the  liver  surface,  and  slipritly  e]evafej 
hemorrhagic  polypoid- type  patches  1-  .  5  mm  in  diameter  were  present  i.n 
the  bladder,  cecum  and  retosigmoid  colon. 

All  animals  infected  with  _G.  mansoni  had  numerous,  nodular  whitish 
granulomas  0. 5-1-5  mm  in  diameter  over  most  of  the  surface  of  the  liver 
and  throughout  the  parenchyma.  Animals  examined  more'  than  ')  weeks,  aider 
exposure  had  scattered  nodular  pseudotubercles  (0.5-i  mm  in  diameter) 
throughout  the  gut.  These  were  most  common  in  tne  cecum  and  proximal 
third  ol'  the  colon.  Monkeys  examined  9  weeks  after  (exposure  had  small 
granulomas  on  the  liver  surface,  but  no  other  significant  gross  lesions. 
In  schistosomiasis  japonic a  there  wore  numerous  1-5  mm  whitish  granuloma 
on  the  liver  surface  and  throughout  the  parenchyma .  The  distal  third  of 
the  colon  was  severely  altered,  and  the  wall  was  thickened  to  •>  mm  and 
hard.  In  some  animals  the  proximal  third  of  the  small  intest. in* •  also 
showed  granulomatous  nodules.  In  one  animal  there  was  mesenteric  !ym;n 
node  enlargement,  and  in  another,  a  one  cm  inflammatory  nodul**  in  Up- 
omentum . 

Microscopic  pathologic  findings:  The  histopathologic  examination 
revealed  that  the  distribution  of  eggs  was  similar  to  that  d^f'-nnin*  •:  : y 


tissue  egg  as. says.  In  gem  ral  .  the  mosl  s- ver»*  ]“sior.s  />■*’<•  r  r  .  •  rv  :  1» 
monkeys  infected  with  G.  jajjsnicum  and  the  J»ast  s*  vr*  !»  t :  i  •*  wit: 

G.  haematobium  (Table  12).  Thie  pattern  of  <*gr  n»*nt.siJ  is’  *:•  si.  of 
monkeys  inlVcted  with  G.  Japonicum  and  G.  na-ma ;  «  .is  *  .  *.t  ;  •  as*-1 

with  large  numbers  of  eggs  occurring  in  so  :*  •  w  *  in 

others  (Fig.  7)«  In  G.  mansoni  in:'-  •thi  ih  e  s  • .  .  i  ‘  <  rv 

pattern  of  lesions  in  the  put.  Whim  se'i  ?.u  *;  -sn  .  !:  4  "ut 

was.  a  prominent  feature  witli  f  .  japonicum  :m  i  *-:  •*-’*'  ■' 
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less  marked  with  0.  man /.uni  infection;  ,  though  '-ggs.  w*r*  round  in  th* 
lamina  propria  and  in  t>o *  submueosa  with  aJi  •;  .:pi*<*i*s. 

Liver  involvement  was  relatively  **xten;iv*-  with  aLl  ■;  para/it*- 
species.  In  the;  monkey:;  infected  witij  _9.  jaj  orucum  and  b.  man  oni, 
brown  pi  orient  wa::  observed  in  bln  *  KuplTer  ceils  and  in  tin  *  s:  1*  nic 
macrophages.  Mont  of  the  liver  neon  in  tin*  animal::  i n J ‘ ^ •  L ■  i  wit!* 
b*  mansoni  (Fig.  b)  contained  unly  one  **gg  per  lesion.  Alxar  bo  per¬ 
cent  oh  J.  japonicum  granuloma:*  contain*  d  a  sing-L*  -  ,*  p.  *;J  p*  r***-nt  !  a  i 
two  eggn  and  19  percent  had  b  or  mor . ggs  (  ir.  9).  This  character¬ 

istic  wan  also  evident  in  the*  gut  submueosa  and,  * -etopi fa  1  ly ,  in  an 
omental  nodule.  Lung  granuloma;.:  in  thin  intention  generally  contain***! 
a  single  egg .  _J.  haemal ohiuin  infectcs  monkeys  eharaet« -ristically  han 

composite  granulomas  containing  up  to  90  eggs  **aeh  in  all  Urn  nr,  an 
studied  (Fig.  10 ) ,  including;  the  lung.  ,  whil"  singl**  egg  granulomas 
were  relatively  scarce.  The  mean  diameter  of  liv**r  granul oir.as  (Tabl**  !  *) 
containing  a  single  egg  was  greatest  in  0.  mansoni  infection:  ,  both  in 
the  acute  and  in  the  chronic  stag**  (Figs.  11,  19,  1  l)  .  However,  tin  * 
mean  diameter  of  granulomas  containing  more  than  one  egg  in  b.  Ja]  oni  sin, 
and  £>.  haematobium  chronic  infections  was  equal  to  or  gr**at»*r  than 
single  egg  granulomas  of  0.  mansoni  chronic  infections.  A  i‘**w  composite 
f^ranulornas  in  G.  japonicum  chronic  infections  attain*1  i  1,090  ri  -n-n;  in 
liameter,  and  many  measured  hOO-bOO  microns.  The  largest  granuloma  mea¬ 
sured  in  chronic  S.  mansoni  infections  was  hCo  microns.  Thus,  consid¬ 
ering  all  the  granulomas  in  chronic  infections,  the*  mean  diameter  was 
greater  for  S.  japonicum  than  for  f*.  mansoni  or  f>.  haematobiuiii. 
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Although  the  cellular  composition  in  the  liver  granulomas  varied 
in  individual  lesions,  large  numbers  of  eosinophils  were  more  fre¬ 
quently  seen  in  the  granulomas  formed  around  S.  haematobium  eggs 
(Fig.  13)  than  in  those  around  the  eggs  of  the  other  2  species.  In 
animals  infected  for  33  or  35  weeks  with  S .  mansoni ,  a  parti  ;ularly 
well  defined  and  delineated  type  of  granuloma,  often  with  central 
epithelioid  cells,  a  few  concentric  fibroblasts  and  a  peripheral  round 
ceil  halo  was  observed  (Fig.  12).  A  distinctive  "edematous"  type  of 
granuloma  was  seen  in  4  monkeys  which  died  between  7  and  10  weeks  after 
exposure  to  S.  japonicum  and  in  2  monkeys  killed  9  weeks  after  exposure 
to  S,  mansoni .  The  cells  of  the  peripheral  portion,  mostly  young  fibro 
blasts  mixed  with  a  few  polymorphonuclear  and  mononuclear  cells,  were 
widely  separated  by  ground  substance,  giving  the  appearance  of  a  loose, 
relatively  acellular  lesion  (Fig.  11,  l4) .  The  peripheral  encroachment 
of  these  granulomas  upon  adjacent  structures  such  as  bile  capillaries 
and  liver  end  plates  was  most  striking  in  the  largest,  composite  granu¬ 
lomas  (Fig.  l4).  This  "edematous"  pattern  could  be  observed  occasion¬ 
ally  even  in  lesions  in  the  lung  with  S.  japonicum  (Fig.  15).  Central 
necrosis  and  neutrophil  aggregates  were  generally  more  pronounced  and 
frequent  in  infections  with  S.  japonicum  than  with  the  other  2  species 
(Fig.  11,  14) .  The  Hoeppli  phenomenon  was  seen  only  once  in  an  intes¬ 
tinal  lesion  of  a  monkey  infected  with  G>.  mansoni . 

Eggs  were  found  inside  portal  radicles  much  more  frequently  in 
^S.  japonicum  infections  than  in  infections  with  the  other  2  species, 
and  in  several  animals,  infection  with  S.  japonicum  was  accompanied 
by  portal  thrombophlebitis  (Fig.  16).  Fibrin  clots,  inflammatory  cell 
aggregates  and  granulomas  were  commonly  seen  inside  of  the  portal  veins 
and  in  one  animal  a  definite  adventitial  inflammation  of  the  central 
veins  was  also  visible.  Diffuse  inflammatory  infiltration  of  the  por¬ 
tal  connective  tissue  with  predominantly  lymphoid  cells  and  eosinophils 
was  seen  in  all  3  species.  Mild  focal  fibrosis  of  portal  fields  was 
seen  around  involuting  and  healed  granulomas  and  was  most  prominent  in 
chronic  infections  with  S.  japonicum  (Fig.  9)-  However,  fibrous  en¬ 
largement  of  portal  fields  as  in  pipe-stem  fibrosis  was  not  observed 
in  any  of  these  monkeys  infected  with  one  of  the  three  schistosome 
species . 
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In  addition  to  the  above  den  rit°d  truormali  i**.o  A.'il't  sir*-  dir-.**’!;/ 
a '  tributable  to  schistosonia:  i  ' ,  r* them  ]c.’i**is  w***.  n  orv*  >ie  rui- 
-  1 1  infected  with  C.  rianroni  na  i  an  uni  *enti :‘i **d  n  Imintn  in  tr.**  Pm  , 
upparontly  in  a  thickened  alveolus  with  r.  Jni  1  ir~r  r*u;:ti  o.  PP-* 
'’.unary  edema  and  come  .*tn  .o  we.'*  •  .  1  *  •  ’’  v  ..  :  • 

■  a  rimb*-  i  to  f.  japonicum  infection  Py**  -re-;  re  :  •  i  wa.  r  ent  in  * 

-.-it  or  Jo  Aotur  o  ainiried,  and  its  mot  roe  an  l  ton*  v&ri*  in  no-end. :nt  Jy 

of  the  severity  of  Liiharziai  infect  j  n ;  *Mj*  :•*  •:  war  found  in 

some  of  the  animal:-  which  had  nn  worm  r^niairunr  vf  ri"',r  pry  aft^r  ex¬ 
posure  to  f>*  haematobium.  Th**  py-pom*  phr  i * j  war  r:,iid.  fO'-ni,  and 

•hronic  in  7  animals;  severe.  ehr>ni»',  activ*  in  at.  other:  an  :  :  *ver**  an: 
aept/  in  another  one. 

The  owl  monkey  wa;:  susceptible  to  in!  ■  »-4  i-  a  tv  ’  r.**  ■  .  m  ’i*r  of 
rohisturorner  ;  atho^enic  in  man,  but  th**  \>*uv**  of  in'*  tier:  f  r  :if- 
foreni  specie. ;  varied  considerably.  Infection  uy  f.  naemati  t-iur  war 
least  stiver-  .  All  monk*  yc  expor**  t  tr  P.  hm-m.-it?  Lium  ;  -nr.*  infe-r,  i 

ati  panne  i  op(-r  in  ♦*h**l.r  :;too.  ,  ;  n  r  -hi  -o.rorv  r  vm-  a»  -oh  fn  n  <:  t 
animal, j  at  the  time  of  mvropsy,  an:  *  h»  r*  war  ::  nark*  l  r*-i»  *Min  i* 

;  i/.*.'  and  fertility.  of  the  worms  in  err  tctr.  .  ..one  of  th*  :  uik  -  In- 
* ** * e t f •* tj  with  d.  haematobium-  exhibi  >0  any  outward  :  iyar  >f  urea:**.  Thu. 
min  riot l  ra-ened  to  adapt  readiiy  to  till:  in'*  :hn  and  r*  n>tei  »*v  nt- 
r.l.y  to  eliminate  .it.  With  f  ■  mania  ni  inf*  4.  nr,  t  ._fnv«  o-qniiibri 
m  Hinen  tu  be  naint  aim  u  demit**  mmvy  wor:  t  ird»  ur .  Kv*.*n  in  there  u  i.nn* 
in  whi  n j  nu..v.*rour  eyp  r  were  la  im  !,*•  *  Li  tr  4h  *’  •  ,  t  V  r*  wm  nr  diar 
ri  -  u  or  frc  hloivi  r*  'on1.,  in  th*  .-tot..:  .  !n  •ns*  rent,  :  .n/:y.  mucoid 
rta'nlr  and  diarrhea  w**re  *omniOn  amour  th*  .  **  m  »ifo  y*  infe  *t*  d  witr. 
f  u.:-p  ;n icurn,  ano  t!i**  infection  win  uniform’  ,  ;  a 4  a  1  f.  r  t  v  ,  ii.  ue 
ii  esf;  revealed  r.arri.t  f.  Ja^orii  ^um  **pr  tao.c.  ntratienr  ;r  to**  larpt* 
ini' stine  onsi  dent.  wJtf  the  revere  int  silna’  iirtas**  r**ei  .  %c*t.h  in 

a  ■  u-e  ^rji*  canonic  f.  ransoim  ir:f  ^^tion.‘  inert  e4‘  td  •  ny..  w*  r  founu  ir. 

4  •  .1  i.\ '  lnthr.r  than  in  th*.  jiif  :  t  vr»c  ar  i  t  with  f.  fia.  oi*i  'am. 

’h  »  *v.  r.  whip  *d  *:  4  i  r.ru  -eyy  ::•:»<>  it  Jon  intt-r;  v  re  n*n.|ar‘jd  or*  tu 

r:l  ir  -f  oeic.rit  (  t  »'*p**r  r**  wvnr«v ,  ii  wa  firm:  'at  tr  •  :  ro;  ortion 
e:  i  h,j  too:  in  in,  Jjver  war  'r*  a » er  in  n  it**  (p  week.:)  f_.  ::  anreru  ir- 
r*  0:ie;U'  tha*:  \tj  ;o*n.t  .in  •  or  err  inf*  n't:,  nnr  (  *  •  r  *'  v  .  •  *~rTJT  With 

.  .  if wi.lr’im.  j  n !  e<.  tit  nr  thir  U'end  seemeo  iu  n-*  r*  v  rr.  i.  Altfiourlo 

r  •>.  r  w f,n*  fi  r  f.  w  animal.*  * «r.  w)*j-*h  t*'  bn  *  valid  *or:'\l  j,  ion.  ,  1  hi: 
pld-ren  -  ;i.nv  lav-  In  .  ird  i  tear !.  m  {.rod  i  in,  th»*  out  rr..t  ir*  mani- 
>  *■  1  ■  ;  th-  ii.*  i.o  .  A  firr**r  ica.  portion  of  f  .  mar  no  >ni  •*/*fr  v#  r* 

:  jn  M.*  .  .0*  ir*1*  tin**  than  r..  ir  *  th*-  chii:.:  an:v 

. -or.  :  run;/  arid  h  .  u.  f  ■  *;ey.  !  *>?*',  *►::  my  »>r  th»-  r  i-f  c-f  a 
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The  considerably  greater  rate  of  oviposition  occurring  in  S. 
japonicum  infections  might  alone  account  for  its  greater  virulence 
in  Aotua  monkeys,  but  the  pattern  of  oviposition  and  the  host  granu¬ 
lomatous  reaction  to  the  eggs  of  the  different  species  may  also  be 
significant,  certainly,  Li’  numbers  of  eggs  deposited  were  alone  the 
predominant  factor  in  the  severity  of  disease,  then  the  Aotus  with 
£.  haematobium  should  aav  exhibited  greater  effects  than  seen  here. 
Although  the  number  of  animals  was  small  and  the  duration  of  infection 
variel,  our  observations  suggest  that  the  amount  of  tissue  damage  pro¬ 
duced  by  each  £  .  japonicum  *“gg  was  actually  greater  than  that  by  each 
£.  mans  on  i  egg,  and  that  it  was  least  with  J.  haematobium  eggs.  This 
characteristic  was.  rerort •  i  by  "•■Kney  et  al .  for  a  variety  :>f  nonpri¬ 
mate  experimental  host.  ,  tut  was  not  observed  in  the  egg  injection  ex¬ 
periments,  in  ini  e  r  ;  <  rt cy  .err-  i.  an  1  iomingo.  However,  it  is  known 
that  granulomas,  indue- i  by  injection  of  eggs  do  not  attain  the  size  nor 
severity  of  the.:*:  :\em  :  ii  u  ’funi  infections.  In  experiments  in  which 
attempts  to  transfer  .  n.itivity  to  schistosome  eggs  wore  made,  success 
was  achieve  i  with  Iron,  hi  *:  ;ui  infections,  but  not  with  cells 

r’rom  unisexual  in:’’  ti  n1  rr  animal,  injected  with  eggs  and  inhibition 
of  the  delayeu  hya  •  rs*  n  ■  i  *  i  vi 4  y  *•  ;-n  will  •  h  produces  granulomas  can 

be  accomplished  by  immun  u;  pr  >.:v  irug.  ,  thymectomy  and  antilympho¬ 
cyte  serum  in  animal  inf-c  •:  *i *n  -  •hi.;tosome  eggs,  but  this  is  not 
successful  in  iiif»**t-*:  animal  .  .is;.  ,  .  on-  possibly  important  dif¬ 

ference..  *  :<ist  i:i  tt*  m  ’  r  .  ^.n  ’  in  :u  •*  .  y  injecteu  eggs  and  that 
in  luce  i  by  a  *t  ua  in  •’  i  n  . 


The  mod**  of  ovipi  .  it;  n  ly  t  h-  jiff-rent  schistosomes  which  favors 
the  formatic  n  of  a-:  ;<  .  it.  *  ranuuma  in  animals  int\  oted  with  £. 
haematobium  an  1  £.  o ni  ui:  may  also*  be  significant  in  determining 
virulence.  £.  mansoni  ’.‘•■male  .ay  eggs  singly  while  £.  haematobium  and 
£.  japonicum  females  contain  many  »»ggs  and  deposit  them  in  clusters, 
similarly,  differeii  •  in  a  iui  t  migrating  habits  nay  affect  the  pro¬ 
duction  of  lesions..  W»*  found  a  relatively  uniform  distribution  of 
lesions  along  fhe  gut  with  £.  mansoni ,  but  a  pat  *hy  distribution  was 
evident  in  £ .  haematobium,  and  £.  ^aponicum  infections.  Domingo  and 
Warren  reported  a  r-iativ*  ly  uniform  distribution  of  ggs  throughout 
the  small  intestines  i  f  mi  with  .  mansoni  infections.  A  patchy 
distribution  f  gut  an:  :.uiDr  .  ..ions  r.imiLar  to  that  s.een  with  the 
Aotus,  in  thi .  stuiy  wa.  ..  ;  rot:  irient  feature  of  J.  haematobium  infections 
in  th» •  shim;  am:-'  un :  ^ .  Japuni  is:  inf**  *t  i..r;s  in  mice. 

fince  the  Aotu.  liv-r  wa.  neasily  involved  in  infections  with  all 
j  species  of  .  dil. .  to •  cm*  .. ,  a  i-taio-d  hi.  topathologie  comparison  of  the 
granulomas  in  th**  sa:r.-  organ  was  possible.  *ITii :  showed  that,  while 
single-egg  granuloma  witr.  mansoni  were  larger,  th**  overall  granuloma 
size  for  £.  jaj  uni  cum  *as  greater  :u-  to  tin*  frequency  of  composite 
legions.  £.  Japonicum  lesions  we*r*»  al-r  mom  frequently  necrotic,  were 
'frequently  associated  with  **r  Joi  n ou  iti.  .  and  tended  to  displace  and 
I -s  troy  a  i  ju<*L*nt  iiv**r  ’j.  i*  .  A  in  nur.an  infections  single-egg  S. 

Icttiv*  !y  srra.1  1  .  Thu  simi- 
:'oun  l  h>  rv  in  tin-  ^arly  ctaper. 


J 


haema* ,  :  ium  gran  nuutas  ir  ♦ 1  -  At*  i.  w*-r*  r 
lari’ y  **  *  a*  lar**  :*ma*  c  s^nnu : r mac 
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ol*  both  .  mnnconi  and  b .  ^aponicum  inif  •  t i or j :*  onvm.,r:  viXA  tno 
results  of  egg-injection  experiments  performed  with  m i'***,  tut  agrees 
with  observations  made  in  infected  chiir.par.Siw  ,  f c;.i s  1  *>i  or;*-  oranulo- 
ma*.  tend  to  Oe  largest  ariu  most  *  xudati  r  *  ir:  s.y  a-..  m.D.nse  infec¬ 

tion::,  an  was.  confirmed  her-  .  b  w -v-r,  1  *:•  •  '  -t  1  --M^rr:  of  th*  re 
granulomas  ha-  not  teen  not'd  pr»  viou:  Ly  ir-  >  In  i  >  ‘  Dw-ntaa  ; rimate 
hcs.tr  studied,  although  many  of  tnere  nai  comparas  j  -  t  ilharsial  infec¬ 
tions.  variation*-  in  the  *•  -1 1  eos  [  ositj  or  an:  ;:.orf  no  1  ory  o'*  schistosome 
-ranulomns  may  he  iue  to  a  variety  of  factor  .  I:  r-  *•  nf  erimonts 
the  roles  of  lysophnsphatiue  cor.j  uunds  arm  if  a  sranu  omn  .-»*n..  itis.ing 
factor  were  analysed.  Both  therm  somj  ur.<  t.  a:  ;  ■  nr  u  be  involve  i  in 
granuloma  formation  aril  it  is  iir.-iy  that  tr.*  •  rg.  i  f  ii ff-r-nt  schis¬ 
tosome  species  might  possess  different  pro]  u?  linns  of  t  n*  •  •  am  of  other 
active  compounds.  On  the  other  nar.J,  differed  hcv  t  .  rc-cl-- •  may  vary 
in  the  overall  capacity  of  their  iymphereti  *ular  system  to  respond  to 
stimuli  or,  more  specifically,  in  their  degree  *  f  r -activity  t.o  dif- 
}  n;  i  t  J  ♦  *  schistosori  *  <*gg  antigns.  Die  large.  4  ov  cranulornns 

o  earring  in  early  f.  japorii  air  an:  S.  man,  oni  in  *  Lions  of  owj  mon¬ 
keys  may  repre.  ent  a  particularly  rigorous  ho.  4  ny:**r.  -n  itivity 
n  :  onse  to  antig  n.  r<  ,<a;r  :  ny  th*  :*•:  egg.  .  "hi  w  uin  also  account 
'Vr  the  marKeo  cnsophle:  itis  found  in  our  .  .  Jr.  oni  -urn  inf*  'lions. 
Kviuuntly  the  intensity  of  response  *o  -  ess  «;f  diff*r  nt  s  rhi.-t  osorri  ■ 
sp<  *ies  may  vary  accruing  t<  host  sp»*ei  «  inf-oM on  Intensity  and 

.  huge. 


Tn  spite-  of  n-nvy  egg  Jets.,  iticr:  ir.  th-  Ac"  a.  liv-r  with- all  i 
schi**t  some  specie  ,  alterations  in  tile  ; or In I  fiel  ;s  w  r  •  limited  to 
'*neo.*  inflammation  ar.J  fibrosis;  enlargement  i  f  portal  fields,  as  ot- 
•*rvcd  in  pipe-stem  fibrosis  in  chimpanzees.  wi f n  f.  man  oni  *as  not  seen 
in  any  jf  the  inl\  cl*  J  owl  monkeys.  In  this  r  sp»  *t  th**  Aotus  resembled 
tV*  majority  of  primate  species  pm  /iou-iy  iisuii  :  vim  f.  manoOni  in¬ 
ti  >ns.  Thu.  .  •  \  .  i  u  v  'ro  experimental  ir.fscti  s  ugg  sts  that 
!.n*  i  'currens-  of  uifmse  pine,  t  m  fibres!:  1.'  ret  nly  r*iat*u  to  th^ 
si/i  arm  J . tru  'U v-n^.  s  of  In.  granuloir.es,  out  ai:n  r-juir*  a  .  pocial 
*.  *s  *  -r- vils.pt  ution  thus  far  founu  only  m  i  *'».w  r  os;  spec!  ;  ,  Ai- 
1  hi  ri  delay  d  hy^er.  eiv  itivii y  is  th  mous.-  !»as  ‘t.en  r-.n-d  D 
,  vanulotsi  forma:  ion,  and  th-  latter  to  porta!  fi»rorl  tic  rol"  of  an 
iirmi’j-  fori  :al  !a  t.  r  in  the  dev.-lrsTiciit  of  pip*  t-ri;  ’’iti’o.  is  nas  not 
\  4  .  i"innn  trute  i. 


Lt  is  ooviuu. 

•:V'aSi  te  .  ;  j 

•  ’  h  i  v  Iie.'is  .  4  :.l 

‘•’St .  ]V  an  .  r 


‘'run  th*.*  1 1  ir  rutur-  ,  an  i  rom  4  hi.  stuny,  that  i  oth 
.  an  j  th^  port  spoci-;.  play  is;  r"  tn4.  rol».s  in  th- 
Diar/.ici  di'vas.*.  r  *cr,j  ar.itit  ••  .  tuuies  ir* 
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3 .  Antischistosomal  activity  of  a  nitrovinylfuran  derivative  in 
rhesus  monkeys . 


The  antischistosomal  activity  of  the  nitrovinylfuran,  trans-5- 
amino-3(2-(5-nitro-2  furyl)-vinyl)-l,2,4  oxadiazole,  has  been  observed 
in  mice  and  hamsttrs  infected  with  Schistosoma  mansoni  and  in  mice  in¬ 
fected  with  S.  japonicum.  The  drug  destroyed  many  adult  worms,  damaged 
the  reproductive  system  of  those  female  worms  which  escaped  destruction, 
was  nontoxic  to  the  host  in  curative  doses,  and  gave  no  evidence  of 
worms  developing  resistance  to  it. 

Studies  conducted  with  several  other  nonantimonial  compounds  have 
shown  that  the  antischistosomal  activity  in  rodents  does  not  necessarily 
parallel  the  activity  in  primates  and  that  tests  in  infected  monkeys  are 
necessary  before  assessing  the  potential  value  of  these  drugs  for  the 
treatment  of  human  schistosomiasis. .  The  present  studies  were  designed 
to  evaluate  the  prophylactic  and  therapeutic  activity  of  this  compound 
when  administered  orally  to  rhesus  monkeys  experimentally  infected  with 
S.  mansoni  or  £.  japonicum. 

Thirty- three  rhesus  monkeys  (Macaca  mulatta)  weighing  2. 0-4.5  kg 
at  the  time  of  exposure  were  us.t  i  in  these  studies.  All  monkeys  were 
weighed  in  at  the  beginning  of  drug  administration*  again  one  day  after 
cessation  of  treatment,  one  .  a  th--  lay  u'  n**  -ropsy.  They  were  kept  in 
individual  cages  and  fed  a  ciet  of  'ommereia.  monkey  pallets. 

C.  mansoni  c< r  :ariao  (Puerto  hi  ’an  strain)  used  for  exposures  were 
obtained  from  200  hiomphalaria  gi  abrata  snails  which  had  been  infected 
with  miracidia  hatched  from  eggs  obtained  from  livers  of  infected  al¬ 
bino  mice. 

After  anesthesia  with  phencyclidine  hy Jrochloride  (l  mg/kg  intra¬ 
muscularly),  monkeys,  w*re  r  repar**d  for  exposure  by  clipping  the  hair  on 
the  abdomen  and  washing  the  skin  with  dechlorinated  water.  While  the 
skin  was  still  damp,  UUl  ivr*uria  •  in  1  ml  of  water  were  pipetted  onto 
the  skin.  This  was.  allow  *  t\>  remain  undisturbed  for  20  minutes  before 
the  animals  were  repla***!  in  their  cages,  Ihe  15  monkeys,  exposed  to 
S.  mansoni  were  allocated  to  four  groups  as  follows:  Group  I  -  treated 
with  SQ  lP,5U6  at  2oO  mg  p*  r  kg  of  bony  weight  twice  daily  for  five  days 
beginning  on  th**  lay  of  expos  un  ;  Group  II  -  untreated  controls; 

Group  III  -  troate  1  with  5  GO  mg  ;(r  kg  of  body  weight  twice  daily  for 
five  days  beginning,  he  days  after  exposure;  and  Group  IV  -  untreated 
controls.  The  irug  was  administered  by  gavage  after  it  was  mixed  with 
approximately  Go  ml  of  strain*.  1  a;  p leeauco  in  a  ml  syringe,  since 
the  absorption  of  1  ,  1.  improved  when  fivcn  in  this  manner.  The 

drug  was  given  at  o  AM  arid  *  I  M  uaiiy,  and  ail  monkeys  were  fed  imme¬ 
diately  thereafter  in  or  i**r  vo  ; remote  better  absorption.  The  monkeys 
were  observe*!  frequently  r  wight  loss,  weakn*  ss7  anorexia,  lethargy 
or  other  po.  sibi**  i  ;*•  *  f:  4 .  if  the  dr^ig. 
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Stools  were  examiner}  for  schi  si  osorne  *  ‘rrr  before  exposure. 

Resinning  five  weeks  after  exposure,  ore-gran,  sample:-  of*  tools  ere 
concentrated  twice  weekly  by  *he  formal!  n-eth'-r-!  .fur-d  alcohol,  te-h- 
nique,  and  the  number  ot‘  err:  ner  gram  o f  tw-r .  v-i * * 4  crari  ued . 

necropsies  cere  performed  **0  days  after  •ov.r ie4  i  on  ot  treatment, 
and  monkeys  were  perfused  by  the  method  o !'  bn <ike.  e+  nl.  •  e  mef es.teri  c- 
portal  venous  system  was  perfused  separately  fn  a  tv  i  a*  ranopatie  venous 
system  by  the  appropriate  placement  cf  ligatures.  /  sd:* -semes  i  red  tor 
glycogen  assays  and  for  infra  vitnm  staining  were  pr  r fused  from  ’he  veins 
with  a  buffered  glucose-physiological-saline  soluble  ;  r  no.  e  used  only 
for  worm  counts  and  measurements  were  perfr.rt  i  vith  p‘  ys  ;  clog  i  cal  saline 
containing  °?f  mg  phenobarbi  tal  sodium  per  liter.  The  worms  were  mea¬ 
sured  unfixed.  Th-*  glycogen  concentration  of  sal  ;:or  *  .<*•;:  determined 
by  a  specific  enzymatic  micromethod.  Hama  *e  tn  *lu  ror m-rdu -t  i yo  ;yg  ^ 
of  the  4‘emale  worms,  determine!  by  ar.  i  nt  r  i  vi 4  r-  s*i’ninr  '*-f!od.  vas 
recorded.  The  internal  organs  of  all  ?r.npk*ys  mav  v-mov-i  arid  exn.v/i  ..^d 
t'or  gross  pathologic  lesions  after  perfusion,  .‘ample  eg  4h>  liver  arid 
of  each  third  of  the  large  and  sm.rll  int'rt.!:*-*.  .vr*  *!  vsted  ty  -'M 

for  determination  of  eggs,  rer  ^ra-  ■?  *  issue. 

Schistosoma  ,1aponi cum  core-sine  f  Tipar.es*  rn ;  v  *  r*-  obtained  from 

-0  Oncomclnnia  nosophora  snails,  which  er-  exr>os<  i  4  -  miracldi.;  obtained 
by  hatching  eggs  from  livers  of  infected  ilbiro  b'-m  ?lo  snails  were 
crushed,  checked  miemseopi  cully  for  ths  of  -er-ariae  and  rinsed 

into  a  beaker  of  dechlorinatod  water.  ny  means  of  -  t  x  ‘  mm  monofilament 
nylon  loop,  lOf  corcariae  were  counted  ar.  I  pla  -d  «v  ’he  damp  sMn  of  each 
monkey  prepared  as  for  i  .  man  son!  exposures.  "h*  ‘  in  the  area  of  ap¬ 

plication  wc  root  moist  for  h -10  minutt-s  be;  r -  *  h"  animals,  were  returned 
to  their  env 

'!!.«  i:  cys  exposed  to  Jnrv gum  w cv  *  '  i  *a  '  ed  •*  r,  go  ,r  groups 

a  #Vi]la. .  i  !‘ou  |  .  T  -tv  a4«-*c  with  1  .  '  *g  <  !  :*  ty  weigh4 

Iv.u  ' b>  i  1(,  for  lb  }ay.  beginning  on  fhr  a-v-  s'.  :  iv  ■  ra  r  «*;.possre; 

-  i  rsr(viu]  controls:  iroup  Vr  .  -  Tv  *  :  :!t*  m.g  >,g  of 

hi  Tht  twice  ially  for  jf  days  beg?  tv.  rg  ♦  m  ‘  •  lay  nf*er  (*y- 

pi  irui  ;r  r:p  !  -  untreated  controls.  7)*-  ’rug  was  ad- ‘  a’ s,  t  cre-i  a: 

v  .  mans  on  1  ox  peri  men*  md  the  r.am*  'ecru:  n:«  s  us*  d  *o  assess 

4i»  .rig’s  efficacy  in  bo^b  exreriT?  •  rtr .  !»•'  r  ai  ‘4  oi.  »]  uui?.f»'*rcd 

!  fsib'v.'  '  iroup  wert  fi.v^r.  the  ur*.*'.,  n-p.e  vr  c-M*'  *’  'h  ■  r*  'iv!/  us*jd 

i.  the  two  «- :%p»*r  imen*  . 

i  i  c*ra pent  j  •  efficacy  was  i  as»  1  c»  a,,  -rjju^ia  :  go’:":  -‘rccu^ncy 

gat't::!  rf  egg  -xcret  ion  i  ri  the  4V*e.*:  t i  .m.bor  ■  -  :  di  ri.*g‘or  of 

e  r  i ;  fjie  jiv*r  ar.d  i  nt  os  tines ;  *u  -  *u  ,  sex  rati*  .  Ji.ag’n  --n’  dis- 

4  ri’tsitic  .  oi  s.ehistor.oro  adults;  •  fr  r,asMs  c- a  -  •  :  *  eg  »•,*,  .  v  urnr;  4  he 
rr-ssraco  of  atu  orr  al  i  t  i  *-r  of  the  fVmaji-  rcpm-iuc- !  v*-  -a  *  n--  ar  d  ire  rrogs 
n-i*  hOjfsyl '•  1  .rises  i  n  the  viscera. 


No  obvious  signs  of  toxicity  were  observed  in  any  of  the  treated 
animals.  Group  I  monkeys  gained  weight  during  treatment  and  demon¬ 
strated  a  net  weight  increase  at  the  time  of  necropsy.  Group  II  un¬ 
treated  monkeys  gained  less  weight  during  the  treatment  period  and 
exhibited  a  net  near,  weight  loss  at  the  time  of  necropsy.  Group  III 
monkeys  demonstrated  less  weight  loss  than  untreated  infected  controls 
(Group  IV)  at  the  end  of*  "he  treatment  period,  and  registered  a  net  mean 
weight  increase  at  the  *im-*  of  necropsy,  ’while  Group  TV  monkeys  had  con¬ 
tinued  to  lose  weight.  -roup  VI  monkeys  lost  an  average  of  2^2  grams 
more  than  did  the  Group  VTI  infected  'ontrols  during  the  treatment  period 
At  the  time  of  necropsy,  however,  monkeys  in  Group  VI  had  gained  weight, 
while  the  untreated  control  ^ Group  VI l)  h  ai  continued  to  lose  weight. 
Group  VIII  monkeys  demonstrated  a  rear  weigh  loss  of  82  grams  more  than 
that  for  Group  Tv  untreated  'ontrajr  at  the  '  ud  of  the  treatment  period. 
These  treated  monkeys  (  Groun  VIlH  exhibited  a  mean  weight  gain  at  the 
time  of  necropsy,  while  the  ur. treated  ordrols.  (Group  IX )  had  continued 
to  lose  weight,  ’[he  Iroup  V  monkeys  furcated,  uninfected  controls) 
given  2*30  mg  per  kg  twice  daily  for  h  days,  gained  weight  during  treat¬ 
ment.  The  uninfected  monkeys  given  f  (X)  mg  per  kg  twice  daily  for  5  or 
10  days  lost  1,  *  arid  1  "  grams,  respect  i vely ,  during  treatment. 

Schistosoma  na  risen:  :  As  indica’ed  in  rifle  la,  the  monkeys  treated 
for  5  days  beginning  on  the  in.,  nf  •  xposure  had  approximately  the  same 
worm  burdens  a*  their  :  'iuLr  d.  1  roups  I  and  II).  No  signifi¬ 

cant  difference  in  the  li  ’trit1  4  ion  of  worms  between  the  mesenteric  and 
liver  circulation  was  observed,  nor  was  there  any  difference  observed  in 
the  ratio  of  male  to  female  w->»r.  recovered.  The  worms  appeared  normal 
and  fully  developed.  N  <  ons  i  sg,ent  significant  decrease  in  the  eggs 
found  in  the  feces  or  m  the  eggs  found  in  various  organs  was  observed, 
except  for  the  fact  that  paten  wa '  d*>l  iy*d  in  4  he  treated  animals 
(Table  1^0.  Iross  pathologic  ]♦  m on.  exhibited  by  both  groups  were 
typical  of  V.  mmsoni  iniV-’Meri.:  at  tnis  s4  age  and  were  similar. 

When  Gd  L*V'C>  w  is.  giver  m  lay;  after  exposure  to  infection 
(Groups  ITT  and  !V  ,  i  W  r<  iu c*!or.  in  the  worm  burden  was  observed. 
Moreover,  most  of  the  worm*./  recover*  i  appeared  to  be  immature  and  stunted 
Intra  vitam  staining  r»,ve,iled  arkei  abnormalities  in  the  rep reductive 
organs  of  a  hig}  pep  adage  n\  •,cma\e  wo rm  .  Ghemi  *al  analysis  showed 
a  marked  roducti  m  ir.  1  y  *  *  -  r.  maj*  wort;  .  »trol  exami  nations 

conducted  at  recula~  i:b’r.al  a  the  4  im.»  of  n<  *ronsy  showed  that 
the  untreated  -orgrol  -on*' •.*;//  !u  ♦  :  a:  l:i*r*  tsing  number  of  eggs  up 
to  the  Gth  week.  !v-  r  r  *  ggs.  fn4  mi  ;r  4ne  stools,  of  the  treated 
monkeys  decreased  rapi  11  y  **  *  *r  4  p  a*  t-rg  .  ar  !  froi:  V  weeks  after  therapy 

up  to  the  end  p:  t  h*  "y.n  r  m*  :  *  ,  ] \  o  4  *asi  or.  il  ••ggs.  were  found  In  the 

stools  of  these  animals  ;  •.  1  *  .  -r.  *  reduetio?  in  the  number  of 

eggs  found  by  iigestio*  of  *.  *r,rans  was.  observed  in  treated  monkeys 

as  contrasted  wi  +  h  M.»*  .r/r  r/rols  Haile  lc  N .  Iross  pathologic 

lesions  were  *m’  *  !♦  l  *  s.orkcys  treat  e  1  *■  we  err  after 
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Figure  19  Schistosoma  mansoni  and  S.  japonicum  eggs  excreted  by  rhesus 
monkeys  before  and  after  treatment  with  SC,'  lb, 506 


Schistosoma  japonicum:  Wo™  burdens  in  the  treated  monkeys  were 
significantly  reduced  (Table  16).  Worms  of  both  sexes  appeared  stunted, 
and  degenerative  changes,  particularly  in  the  female  reproductive  organs, 
were  clearly  evident.  The  appearance  of  eggs  in  the  feces  of  the  un¬ 
treated  controls  followed  the  previously  described  pattern.  Briefly, 
a  peak  was  reached  at  11  weeks,  then  there  was  an  irregular  decline 
through  the  remainder  of  the  experiment.  In  contrast,  the  passage  of 
eggs  in  the  treated  monkeys  was  almost  completely  suppressed  (Fig.  19). 
The  number  of  eggs  recovered  in  the  various  organs  at  necropsy  was  con¬ 
siderably  lower  among  the  animals  of  the  treated  groups  (Table  17). 

Most  of  the  eggs  in  tissues  of  treated  animals  were  dark  in  color  and 
appeared  to  be  dead.  iross  pathologic  manifestations  of  infection  in 
the  treated  monkeys  were  minimal  or  were  much  milder  than  in  control 
animals.  Typical  lesions  of  the  liver  and  intestines  were  present  in 
untreated  control  monkeys. 

The  results,  in  general,  show  appreciable  antischi  stosomal  activity 
of  SQ  18,506  in  rhesus  monkeys  infected  with  either  S.  mansoni  or  S. 
japonicum.  The  doses  used  lid  not  appear  to  be  toxic  to  the  monkeys. 
While  the  lowest  dosage  schedule  used  (TSO  mg /kg  b.i.d.  for  five  days) 
proved  ineffective  wher  administered  beginning  on  the  day  of  exposure 
to  cercariae,  chemothoraiv  etic  a  tivity  was  observable  when  the  drug 
was  administered  twi^e  a  lay  in  ioses  of  r00  ng  per  kg  of  body  v/eight 
beginning  on  either  the  v.  o!  -4h  day  following  exposure  to  infection. 
Fecal  egg  excretion  decreased  rapidly  within  one  week  after  the  beginning 
of  treatment  and  virtually  <  cased  after  ?  v/eeks.  At  necropsy  the  mimber 
of  woms  recovered  from,  treated  monkeys  was  considerably  reduced  and  the 
few  surviving  worms  were  obviously  (lanugo  i  nr.d  appeared  to  be  stunted. 

In  particular,  damage  to  the  worms  was  revealed  by  frequent  abnomalities 
in  the  female  reproductive  system  and  by  a  marked  decrease  in  glycogen 
content  in  the  males.  A  direct  effect  on  the  eggs  was  also  observed. 

As  indicated  previously,  the  major  drawback  of  this  drug  appears  to  be 
its  poor  absorption  from  the  intestinal  tract.  Studies  designed  to  in¬ 
crease  the  absorption  and  to  maintain  adequate  Mood  and  tissue  levels 
are  in  progress.  The  ardi  sen  i  stosomal  activity  in  both  S.  mansoni  and 
3.  japonicum  infections,  t(»g»*h;er  w:  h  low  host  toxicity,  suggest  con¬ 
sideration  of  further  tndie:  designed  to  test  the  potential  value  of 
this  compound  as  a  cn* -mot h^rapeu*  ie  agent  ir  human  schistosomiasis. 


The  Prophylactic  and  Curative  Effect  of  SQ  18,506  in  Monkeys 
Exposed  to  105  Schistosoma  japonicum  Cercariae 
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Number  of  S_.  japonicum  Eggs  Found  in  Various  Organs  in  Relation  to  the  Number  of 
Female  Worms  Recovered  and  the  Fecal  Egg  Excretion 
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V.  R.  Harrison;  S'*'C  F.  K.  Mundon ,  SP6  W.  L.  O'Brien; 
SP5  A.  Y.  Tcramoto;  SPS  W.  R.  Partum, 

SP4  S.  V.  Romano;  SP-+  T.  L.  Van  Duser; 

PFC  H.  E.  Saxman;  PFC  R.  P.  Long: 

PFC  S.  Caviness;  PFC  H.  G  Davis: 

S.  B.  Russ;  C.  L.  Parker;  C.  M.  damp  run; 

J.  M.  McCown;  K.  R.  Rosato;  K,  fi.  w., ; 

G.  L.  K  ilmes;  K.  II,  Eckels;  u.  W.  Dandridge; 

0.  P.  Young;  it.  G.  Cannon,  1,  H.  Hilaifer; 

R.  J.  Jackson 


Descript i on. 


To  define  the  etiology  and  ecology  of  human  virus  infections, 
particularly  those  of  military  medical  significance;  to  devise  and 
evaluate  means  for  precise  diagnosis,  control  and/or  prevention  of 
disease.  Studies  have  applied  virological,  immunological,  epidemio¬ 
logical  and  physiological  approaches  to  understanding  disease  caused 
by  respiratory,  arthropod-borne  and  other  viruses,  the  factors  in¬ 
fluencing  transmission  among  men,  other  vertebrates  and  invertebrates, 
and  their  survival  in  nature. 


Progress . 


I.  Evaluation  of  Adenovirus  Type  4  and  7,  Live.  )rai  Vaccines  in  Man. 


Preliminary  results  of  studies  conducted  to  determine  the  efficacy 
^f  adenovirus  type  4  'ADV-4 ;  and  7  (ADV-7)  live,  ora  L  vaccines  in  a 
military  population  at  Ft.  Dix,  N.  J. ,  during  January  through  May,  1970, 
were  reported  iti  last  year's  Annual  Report.  Laboratory  studies  have 
now  been  completed  can  the  results  are  reported  below.  The  details  of 
study  design,  vaccines,  sampling  and  methods  wore  previously  presented 
and  are  presented  again  only  superficially  t.  acquaint  the  reader  with 
those  a  .'poets  of  * : .  e  study. 


A .  Study  t/6 ,  tort  Jiy  Basic  Combat  Trainees.  1970,  Part  1,  Control  of 
Acute Respi rat ory  Disease  in  Recruits  with  Adenovirus  type  4  and  7  Vaccines. 


J .  Review  of  Study  Design,  Vaccines,  Sampling  and  Methods 
r  up  »r  i  cd ) . 


'treviousb 


The  !-M:dv  was  nitjated  m  basic  combat  ttuinees  at  Fort  Dix,  N.J., 
cr.  Jjr4i,'»ry  0,  1970.  During  December,  1969,  the  woe!*  ly  ARD  rate  at 


Fort  Dix  had  ranged  between  5-7/100  trainees/week  and  ADV-4  and  ADV-7 
had  been  isolated  with  similar  frequency  from  trainees  hospitalized  with 
ARD. 


After  administrative  processing  at  the  Fort  Dix  Reception  Center, 
trainees  enter  one  of  two  basic  combat  training  (BCT)  brigades.  All 
trainees  reporting  during  a  single  week  (one  cohort)  are  formed  into  six 
training  companies  assigned  to  one  brigade;  those  reporting  during  the 
following  week  (another  cohort)  form  six  companies  in  the  other  brigade. 
This  schedule  permitted  selective  immunization  of  those  cohorts  of 
trainees  expected  to  enter  the  3rd  BCT  brigade  with  both  ADV-4  and  ADV-7 
vaccines  and  those  expected  to  enter  the  2nd  BCT  brigade  with  ADV-4 
vaccine  alone.  The  pedigree  of  the  ADV-7  vaccine  strain  and  formulation 
of  this  live,  enteric-coated  vaccine  (Lot  16CV-02301,  Wyeth)  is  identical 
to  that  described  in  previous  annual  reports;  the  vaccine  contained 
between  10^*^  and  10^*  ^  tissue  culture  infectious  dose5Q  (TCID50)  per 
tablet  when  measured  by  conventional  technique.  Specifications  of  the 
live,  enteric-coated  ADV-4  vaccine  (Lot  16CI-00801,  Wyeth)  were  also 
described  in  previous  annual  reports;  the  vaccine  for  this  study  titered 
between  10^*^  and  10^* ?  ICID^q  Pcr  tablet. 

Trainees  received  adenovirus  vaccine(s),  concomitant  with  trivalent 
oral  polio  vaccines,  within  72  hours  after  arrival  on  post.  All  trainees 
in  five  separate  cohorts  of  the  2nd  BCT  brigade  (5795  men)  were  immunized 
upon  arrival  with  appropriate  adenovirus  vaccine(s)  and  respectively 
formed  the  two  immunized  groups  in  the  study  (Table  1),  These  totals 
exclude  those  few  men  who,  for  administrative  reasons,  were  inapprop¬ 
riately  immunized  or  not  immunized  at  ail. 


Tabic  1. 

Immunization  Status  of  Trainee 

Cohorts 

Vaccine(s) 

ADV 

-4 

ADV-4, 

ADV-7 

2nd  BCT 

Brigade 

3rd  BCT 

Brigade 

Date  Immunized 

Cohort 

No.  Men 

Cohort 

No.  Men 

9-15 

Jan 

I 

797 

16-22 

Jan 

11 

965 

23-29 

Jan 

III 

1,129 

30  Jan-  5 

Feb 

IV 

1,358 

6-12 

Feb 

V 

1,094 

13-19 

Feb 

VI 

1,067 

20-26 

Feb 

VI  I 

1,332 

27  Feb-  5 

Mar 

VIII 

1,254 

6-12 

Mar 

IX 

998 

13-19 

Mar 

X 

1,151 

Total  No.  of  Men 

5,350 

5,795 

214 


Decision  to  nnspi  talizt*  all  trainees  r  t’u  !  c  tort4'  rented  with 
dispensary  physicians  at  F.  rt  Dix  vh  were  a  are  i  i  rudy,  *mt  could 
not  identify  the  nature  oi  irmra.i  i  ;:»it  ;  m.  :  .  i:  ,  .  .  i  .spiial  admis¬ 
sions  due  to  ARD  anion  £  ill  trainees  1;  nr::  e  :  i  oh  ris  were  recorded 

and  weekly  ARD  rates  caln  luted.  «*:*.  t  •  i  ies  v.lmch  tinned 

each  weekly  coho’!  was  selected  *  »i  int«ns:  e  '  ui  ru.nces  from 

:  uch  stud'  c  jn.p.-.fi  i  e:  wh*  -  ii  o.e».‘u!  i .  t  i  -V  ,  .  ximined  hv  mo 

the  investigators  wit  hie  1..  ho  it  I  1  o  .d  studied  fn** 

•  leno virus  di.se  i..*  .  A  thro.it  washing  f  r  • n*  is*  hiM  <o  «  vl  tcute 

hi  nod  sample  wort  d>tai  u  m  jj  i  ,si  i  i  a  J-i.e*u  »  ivalescent  serum 
was  drawn  on  all  hosp  i  ta  1  i  z.e  J  stniy  \  np  a*  v  t  ra  i  .on  *  •'■•or  1  »r  those 
absent  without  leuvi  ir  those  Ins?  ta'»/o«|  -  rim  t  <  riu.i]  ek  if 
t  raining. 

Virus  i  no  [a  lion  and  iih  a*  it  [oat  i  n  f  •  »  rt  join**,  vei  •*  made 

usine  human  embryonic  k  I  dn  *y  MiFK)  coil  o  .mu;  !  ■  r  neitrali/inr 

(N?  antibody  titers  to  ADY-4  and '  >r  Al’7  7  in  u.e  id  n*tli‘»v**nt 

serum  pairs  were  d»  t,  rr  ineu  in  liJJK  cv* !  1  v.  ill  *  •  i.  l:e  .  i  >  s  described 

.  n  previou;  annual  Tpi  ri  A  In  *.tai  .  ..  i  .<  <  •  r  *ti  whose  respir¬ 
ators  tract  .in  .i  icuiov  i  t  "■  w.o  :  ■•c.na  Ted  wo  «  .  I  r*  •!  h'Vi  been 

in  tec  to*1  with  that  .ui.  uo\  inis.  1)  o  j  t  i  *  ■  wi  -  rn  :•  i  :ri"'i  threat 
wa.shi  nr,:- »  a  4- told  increase  in  1'  aetih  t\  to  .  :  t  in  r  A!»\  -A  r  Al)V- 7  ois 

cons  id  red  evidence  -s  inloot  i  i.  with  t  nit  i  *  t  vkp*<  the  trainee 

was  hosp i I  a  1 i zed  i  ter  the  n  I  week  »i  l  r  iii  !  e.  i.e*  pest  • 

iirmun  i  ;'.i  t  i  on ,  An  antihod;,  increase  wit  i  u  isolation  roir.  trainees 

hosp  i  t  a  1  i/ed  during  the  first  tliree  weeks  .  I  i  uiiun;;  was  the  expected 
consequence  of  adenovirus  irnnuni  za  t  i  on  !!.u:. .  ..nil  Cod’*  re  ponses  in 
those  individual-!  Cvuild  not  be  considered  e  idence  l  adenovirus  AkD, 
Trainees  hospitalized  after  the  3i  1  training  ’  with  *  -uuittdv  rises 
to  belli  atii  novirus  types  hut  wilhcuf  a  recovered  *.  j  *  o  ere  considered 

to  have  an  u_l.  '.ovirus  infection  at  uudot  erm:  t  .*u  u  |  i 

J  •  Rosa  Its  . 

An  er'i  at.  ' f  w5u  t  !  ei  :fe  met  lie  i  *i  •;  .  .  4.  !  .  ;  t  «i !  i  u*d  ARD 
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Table  2.  Crude  ARD  Rates  of  Study  Companies 
and  Entire  Brigades 


2nd  Brigade 

Study  Companies 

Entire  B 

No.  Trainees 

805 

5350 

No.  ARD  Admissions 

ARD  Rate/100 

258 

1623 

Weeks  1-3  of  training 

10.8* 

10.8 

Weeks  4-8  of  training 

21.2* 

19.5 

Total  ARD  Rate/i00/8  weeks 

32.0* 

30.3 

3rd  Brigade 

No,  Trainees 

911 

5795 

No.  ARD  Admissions 

ARD  Rate/100 

149 

1144 

Weeks  1-3  of  training 

8.0** 

8.5 

Weeks  4-8  of  training 

10.3* 

11.2 

Total  ARD  Rate/ 100/8  weeks 

18. 3*** 

19.7 

*  p  =  >  .05 

**  Chi  square  *  6.57,  p  «  <  .02  >  .01 
***  Chi  square  =  5.81,  p  =  <  .02  >  .01 

The  number  of  appropriately  immunized  trainees  in  the  five  study 
companies  of  each  brigade  and  the  total  ARD  hospitalizations  are  shown 
in  Table  3.  The  ARD  rate  among  recruits  immunized  with  both  ADV-4  and 
ADV-7  vaccines  was  half  that  of  those  immunized  with  ADV-4  alone. 


Table  3.  Crude  ARD  Rates  of  the  Study  Companies 


Vaccine  (s ) 

ADV-4 

ADV-4,  ADV- 

2nd  Brigade 

3rd  Brigade 

Strength 

805 

911 

No.  ARD  hospitalizations 

258 

149 

Rate/100/8  weeks 

32.0* 

16.3 

*  Chi  square  =  58.3,  p  = 

<.001 

The  total  hospitalizations  associated  with  ADV-4  or  ADV-7  and  the 
type-specific  adenovirus  ARD  rates  for  the  two  study  groups  are  shown 
in  Table  4.  ADV-7  was  isolated  from  throat  washings  of  149  trainees  of 
the  2nd  brigade  and  6  trainees  of  the  3rd  brigade.  Isolation  of  ADV-7 
was  associated  with  four-fold  or  greater  rises  in  homotypic  N  antibody 
in  135  of  142  (957)  trainees  in  both  groups  from  whom  both  acute  and 
convalescent  sor  i  were  tested.  Ten  additional  trainees  in  the  2nd 


brigade  and  1  in  the  3rd  brigade  had  seroj  ogic  ivid*  nee  of  ADV-7  infection 
but  no  virus  recovered  from  throat  washings.  i 1 . t  difference  in  ADV-7 
ARD  rates  between  the  two  groups  wa  highly  ignifican:  and  represented 
a  957>  suppression  of  ADV-7  disease  l:i  rh»  hi  w  >  h  immunized  with  both 
adenovirus  vaccines. 

ADV-4  was  isolated  from  12  trainees  in  tin  i  brigade  and  17  trainees 
.i  the  3rd  brigade.  Isolation  oi  ADV-4  was  a  .sin.ihu!  with  diagnostic  N 
antibody  rise  in  all  43  trainees  from  whom  paired  sera  were  obtained  for 
testing.  An  additional  4  trainees  Iron  the  2nd  brigade  and  12  from  the 
3rd  brigade  fuifilled  serologic  criteria  for  AbV-4  infection  in  the 
absence  of  recovered  virus.  in  contrast  to  ADV-7  \RD,  ADV-4  disease 
occurred  more  irequently  in  the  3rd  brigade  trainees.  An  additional  four 
3rd  brigade  trainees  were  considered  to  have  adenovirus  ARD  o 1  undeter¬ 
mined  type. 

Thus,  175  admissions  from  the  2nd  brigedt  st.idv  s.orpanies  and  6c  from 
those  in  the  3rd  brigade  could  thus  in  associated  with  adenoviruses. 

The  total  adenovirus-associated  ARD  rates  t r< m  studv  companies  of  the 
two  brigades  immunized  with  both  adenovirus  vaccines  was  one-third  that 
et  the  brigade  immunized  with  ADV-4  vaccine  aione.  No  significant  dif¬ 
ference  between  rates  ot  ARD  due  to  »lher  than  idenov i  ruses  was  evident 
between  the  2nd  brigade  <10.3  / 1 GO  R  weeks)  u.d  the  )r  I  brigade  (9.3 
/ 100  /6  weeks). 

A  total  of  5J30  trainees  enleting  tie-  2nd  R(.  1  Irigade  and  5795  trainees 
in  the  3rd  brigade  were  immunized  with  appropriate  adenovirus  vaccines, 
illness  attributable  to  the  immunization  was  not  detected  in  any  of  these 
t ra i nces . 


Tchle  4.  Adenovi  rus-Ass  '‘iated  no  p  i  ca  1  i  ;*.u  t  ior  Rates 
of  tie  Study  Companies 


Vacc ino ( s ) 

ADV-4 

ADV- 

4,  ADV-7 

2nd 

Brigade 

3  rd 

Brigade. 

Number 

Rat  e 

Number 

Kate/ 

100/8  weeks 

100/8  weeks 

Strength 

805 

911 

ARD  hospitalizations 

ADV-7 

159 

19.8  V 

u 

1.0 

ALA  -4 

lA 

:.r 

49 

S.4 

Tvpe  undetermined 

0 

JL£. 

4 

0.4 

Total  ADV  AKD 

175 

1 1  .  8*** 

h2 

6.8 

p  i  ta  1 1  ;m  1 1  ons 

Ch?  suture  - 

1 70 . 4  , 

P  ^ 

.  00 1 
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,  00 1 

f"!  ,.q  .are  - 
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3.  Discussion. 


As  expected,  immunization  with  both  adenovirus  vaccines  in  this 
population  at  risk  of  disease  from  both  adenovirus  types  was  clearly 
superior  to  immunization  with  ADV-4  vaccine  alone  and  led  to  a  507.  sup¬ 
pression  of  total  ARD  hospitalizations  in  3rd  brigade  study  companies. 

These  companies  had  95 %  less  ADV-7  hospitalizations  than  those  in  the  2nd 
brigade  and  this  accounted  for  the  difference  in  total  ARD  hospitalization 
rates  between  the  two  brigades.  The  degree  of  suppression  of  ADV-7  ARD 
by  immunization  with  both  vaccines  is  similar  to  that  reported  in  previous 
annual  reports  in  a  smaller  field  trial  and  is  cf  similar  magnitude  to 
the  degree  of  suppression  of  ADV-4  ARD  afforded  by  the  standard  ADV-4 
vaccine  (Edmonston,  ot  nl,  1 9f>h ;  Buescher,  I9b7;  Vander  Veen,  1968). 

In  contrast  to  the  marked  suppression  of  ADV-7  ARD  admissions  in 
the  3rd  brigade,  a  higher  rate  of  ADV-4  admissions  occurred  in  this  brigade. 
It  should  be  emphasized  that  this  study  was  not  designed  to  determine 
to  what  extent  the  ADV-7  vaccine  interfered  with  the  protective  efficacy 
of  the  ADV-4  vaccine  but  rather  to  detect  whether  a  difference  in  ADV-4 
ARD  rates  occurred  between  groups  immunized  with  ADV-4  vaccine  alone  and 
with  both  adenovirus  vaccines.  Thus  no  measure  of  the  decrease  in  pro¬ 
tective  efficacy  of  ADV-4  vaccine  when  given  with  ADV-7  vaccine  was  obtained. 
The  difference  in  rales,  however,  suggests  that  simultaneous  immunization 
with  ADV-7  vaccine  mav  inter  tore  t  some  extent  with  the  protective  effect 
of  the  ADV-4  vaccine.  No  evidence  of  such  interference  was  obtained  in 
a  previous  study  (Annual  Report,  1970)  in  winch  insufficient  numbers  of 
vaccinees  were  tested  to  reveal  tin  low  degree  of  interference  found  in 
the  present  study. 

The  practical  significance  of  vaccine  virus  interference  in  control 
of  adenovirus  ARD  is  unclear.  The  potency  of  the  ADV-4  vaccine  used  in 
this  study  was  low;  all  but  one  of  the  vaccine  tablets  tested  titered 
less  than  10^.0  TCID50.  The  antigenicity  of  ADV-4  vaccines  of  similar 
titer  have  been  disappointing  in  other  studies  (previous  annual  reports). 

It  is  possible  that  interference  between  the  twi  vaccine  viruses  would 
be  less  manifest  with  a  n  >rr  p<  tent  ADV-4  vaccine,  a  hypothesis  amenable 
to  test  in  the  future  In  any  case,  the  difference  in  ADV-4  ARD  rates 
between  the  two  study  populations  was  smal l  (3.4/100/8  weeks)  when  com¬ 
pared  to  the  difference  in  ADV-7  ARD  rates  (18.8/100/8  weeks). 

Whether  total  suppression  of  adenovirus  associated  ARD  is  more 
desirable  than  the  level  ol  suppression  obtained  in  the  3rd  brigade  in 
this  study  (67  )  remains  uncertain  since  it  is  possible  that  some 
transmission  of  ADV-4  or  ADV-7  in  an  immunized  population  may  serve 
to  prevent  less  common  adenovirus  serotypes  ot  military  importance  (types 
21  or  14)  from  emerging  as  a  cause  >t  ARD.  Although  adenoviruses  other 
than  ADV-4  an1  ADV-7  were  not  isolated  from  immunized  trainees  in  this 


study,  the  possibility  of  subsequent  emergence  of  other  adenoviruses 
cannot  he  dismissed.  Our  findings  suggest,  however,  that  these  adeno¬ 
virus  types  are  less  likely  to  be  introduced  or  less  likely  to  be 
efficiently  transmitted  in  military  trainee  populations  than  ADV-7, 
which  routinely  emerged  in  military  populations  immunized  with  ADV-4 
vaccine  alone  (Buescher,  1967;  Rose  et  al  1970). 

ARD  hospitalizations  associated  with  agents  other  than  adenoviruses 
were  not  excessive  in  the  3rd  brigade,  although  Influenza  A2  virus, 
rhinoviruses,  and  heta-hemoly tic  streptococci  were  recovered  sporadically 
throughout  the  study  from  hospitalized  trainees  in  this  brigade.  Details 
of  these  findings  appear  in  Part  II  of  this  study  (see  below).  Providing 
that  suppression  of  ADV-4  and  ADV-7  ARD  does  not  lead  commonly  to  emer¬ 
gence  of  other  adenoviruses,  immunization  of  trainees  with  live  adenovirus 
vaccines  to  both  types  seems  a  promising  means  of  control  of  ARD  in 
military  recruit  populations. 
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B.  Study  #6,  Fort  Dix  Basic  Combat  Trainees,  1970,  Analysis  of  Acute 
Respiratory  Disease  in  Recruits  Immunized  with  Adenovirus  Type  4 
and  7,  Live,  Oral  Vaccines. 

It  has  been  reported  in  Part  I.  A  of  this  study  that  immunization  of 
one  brigade  of  trainees  with  ADV-4  and  ADV-7  vaccines  led  to  a  507o  suppres¬ 
sion  of  total  ARD  hospitalizations,  compared  with  a  brigade  immunized 
only  with  ADV-4  vaccine.  This  established  the  protective  efficacy  of 
ADV-7  vaccine  when  given  with  ADV-4  vaccine  to  a  population  at  risk  to 
ADV-7  disease.  A  secondary  objective  of  the  study  was  to  assess  the 
role  of  respiratory  pathogens  other  than  ADV-4  and  ADV-7  in  the  brigade 
of  trainees  immunized  with  both  adenovirus  vaccines. 

1 .  Study  Design 

Five  cohorts,  comprising  5,795  trainees  entered  the  3rd  BCT  Brigade 
at  Ft.  Dix  during  the  study  period,  and  were  immunized  with  ADV-4  and 
ADV-7  vaccines  in  the  reception  center  within  48  hours  after  arrival  on 
post.  One  training  company  from  each  cohort  (each  cohort  contained  a 
total  of  six  companies)  was  selected  lor  intensive  study  of  all  ARD 
hospitalizations,  throughout  their  8  week  training  period. 

2 .  Vaccines  and  C.  Sampling 

These  aspects  were  described  in  detail  in  the  previous  year's 
annual  report,  and  reviewed  in  Part  I.  A  of  this  year's  report. 

3.  Methods 


Virological,  serological  and  bac ter iologic  methods  were  for  the 
most  part  described  in  detail  in  the  previous  year's  Annual  Report.  In 
addition  to  these  methodologies,  the  following  were  also  utilized. 

a,  Rhinovirus  serotyping:  Suspect  rhinovirus  scrains,  isolated 
from  nasal  washes  obtained  from  hospitalized  3rd  brigade  trainees  were 
tested  for  chloroform  and  acid  sensitivity  by  standard  methods.  Those 
strains  found  to  be  chloroform  resistant  but  acid  sensitive  were  sub¬ 
mitted  to  Dr.  Edwin  Lennetle,  Chief,  Viral  and  Rickettsial  Disease 
Laboratory,  California,  Department  of  Public  Health,  Berkeley,  California, 
for  final  serotype  ident i t icat ion. 

b.  Suspect  scrains  of  beta-hemolytic  streptococci  were  grown  in 
pure  culture  and  submitted  to  Dr.  Lewis  W.  Wannamaker,  Director,  Strepto¬ 
coccal  and  Staphylococcal  Disease  Commission,  Armed  Forces  Epidemiology 
Board  for  final  T  and  M  protein  serotype  identification  in  his  laboratory 
at  the  University  of  Minnesota.  His  laboratory  employs  standard  pro¬ 
cedures  for  determination  of  bacitracin  sensitivity,  T-slide  agglutina¬ 
tion  pattern  and  M  sen  typing. 


* 
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c.  Isolation  of  rubella  virus  was  attempted  from  throat  washings 
obtained  from  all  hospitalized  individuals  who  exhibited  any  kind  of  a 
maculo-papuJar  rash  upon  admission.  Three  African  green  monkey  kidney 
tissue  culture  monolayers  were  inoculated  with  0.3  ml  throat  wash  each, 
then  challenged  on  days  5  and  9  with  EClI0-i.i  virus  and  observed  for 
enterovirus  cytopathic  effect.  Monolayers  which  were  resistant  to 
ECHO- 1 1  challenge  were  considered  to  be  infected  with  rubella  virus. 
Representative  isolates  were  confirmed  by  plaque  neutral izat ion  using 
hyperimmune  rubella  antisera.  Supernatant  tissue  culture  fluid  from 
all  negative  throat  washes  was  subjected  to  one  blind  passage  and 
challenge. 


Rube  1  la  hemagglutination- inhibit  ion  antibody  titers,  employing 
dextransulfate  treated  sera  were  performed  on  acute  and  convalescent 
sera  obtained  from  all  suspect  clinical  rubella  admissions  as  well  as 
from  all  other  admissions  from  whom  no  respiratory  viral  or  bacterial 
pathogens  were  isolated. 

4.  Results 


There  were  911  trainees  in  the  5  intensively  studied  training 
companies;  all  were  immunized  with  both  ADV-4  and  AD V- 7  live,  oral 
vaccines  during  the  8-week  training  period.  Hospital  admissions  in 
this  group,  as  shown  in  Table  5,  were  predominately  due  to  respiratory 
i n  factions . 

Table  3.  Hospital  Admissions,  3rd  BCT  Brigade  Study  Companies 

Number  Rate/' 100/8  weeks 

Hospital  Admissions  149  16,4 

Nonrespi ra r cn  Admissions  18  2.0 

Kill. lie)  (15) 

Suspect  typhoid  immunization 

reactions  j) 

Tot  a1  No.  Reseiratory  Admissions  131  14.4 

I  Jr  c  vmp  1  i  c a  ted  AR  D  ( Ilf) 

AFtH  complicated  bv 
p:.e;mionia  (17^ 


a ,  i r e spiral  >ry  Admissions 

Admission  criteria  governing  Hospitalization  for  acute  respi¬ 
t'd  tnry  disease  vary  only  siightlv  throughout  CONUS  BC I  posts,  with 
'  en.pi.  r  i  r  .re  over  U'Q *  1\  bring  the.  main  determinant  for  admission. 

Dosp.i.o  this,  individuals  were  acini  t  ted  to  the  ARD  ward  v;Lth  rubella  who 
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were  only  mildly  febrile  (98.6-99.6°F. ) .  Disease  was  clinically  evident 
in  14  of  these  individuals  and  the  diagnosis  confirmed  by  isolation  and 
antibody  rise  (9),  isolation  alone  (l--no  convalescent  sera  was  available) 
and  4-fold  or  greater  HAI  antibody  response  alone  (4).  One  individual 
who  did  not  manifest  clinical  disease  had  a  4-fold  HAI  antibody  response 
and,  in  the  absence  of  infection  by  other  respiratory  pathogens,  he  was 
considered  to  have  been  admitted  because  of  rubella. 

Three  individuals  were  admitted  to  the  ARD  ward  within  six  hours 
following  their  initial  typhoid  immunization,  all  complaining  of  sure 
arms  ana  ill  with  fever.  No  evidence  of  infection  by  respiratory  patho¬ 
gens  w-"  found  in  these  instances  and  they  are  thus  also  excluded  from 
further  consideration. 


Uncomplicated  Acute  Respiratory  Disease  Admissions. 


One  hundred  thirty-one  men  were  admitted  to  the  ARD  wards 
with  apparent  bonafide  acute  febrile  respiratory  disease,  yielding  a 
rate  of  14.4/100/8  weeks.  Of  these  admissions,  17  were  complicated  by 
pneumonia  (1370)  and  the  remaining  114  (8770)  were  judged  to  be  uncompli¬ 
cated  acute  upper  respiratory  disease  admissions.  Table  6  shows  the 
results  of  the  virologic,  bacteriologic  and  serologic  evaluations  of 
the  131  ARD  hospital  admissions.  The  lefthand  column  lists  the  various 
respiratory  pathogens  included  in  the  evaluation  of  each  case  and  the 
criteria  used  in  assigning  individuals  to  the  different  agent  cate¬ 
gories  are  given  at  the  bottom  of  the  table. 


The  table  comprises  three  broad  categories:  First,  those 
admissions  which  were  associated  with  the  recovery  of  and/or  serologic 
response  to  a  single  respiratory  pathogen;  second,  those  admissions 
associated  with  recovery  of  two  or  more  agents  and/or  serologic  responses 
and  finally  those  admissions  which  could  not  be  associated  with  any 
identifiable  agents,  either  by  isolation  or  serologic  tests. 


Table  6.  Uncomplicated  ARD  Admissions 


Week  of 
Training 


i 

2 

3 

4 

a 

6 

7 

b 

Total  Rate 

Infection  due 
( o  Single  Agents 

/ 100 

A.  ADV-7 

0 

0 

1 

1 

! 

4 

0 

1 

8  ) 

B.  ADV-4 

0 

2 

1 

9 

8 

u 

6 

n 

) 

35  )  5.2 

C.  ADV%  type 

) 

undetermined 

0 

U 

0 

1 

2 

0 

0 

U  ) 

I).  Influenza  A 

2 

5 

1 

0 

0 

0 

1 

0 

0 

7  ) 

) 

!’.  Rhi noviruses 

] 

2 

4 

1 

y 

0 

0 

0 

10  )  2.2 

F.  Group  A. 

i 

> 

s  trep tococci 

0 

0 

0 

2 

0 

0 

0 

0  . 

2  ) 

) 

) 

G.  Herpes  Virus 

hominis 

0 

1 

0 

1 

0 

0 

0 

0 

2  ) 

'i 

0  ) 

H.  My  ca -plasma 

0 

0 

0 

0 

n 

0 

0 

0 

Infection  due  to 
Mult  in  1 e  Agents 

No.  a  drill  ss  i  oris 

1 

•> 

3 

1 

0 

0 

:i  i.2 

P.6 


■  t  1  admissions 
.1  is»c  l  a  tec!  with 

: \ii\c  Lioiu's)  7  P  8  18  14  15  8  l  79  8.6 

;v '  u  L  ad 5  uss  i  >ns 
uj.«- v  i«\t  oil  witb 

■  JS  3  dent  ?  i  »  ah  1  u 

..gorts  5  974  1  3  '  0  35  4.1 

1  14 

ti  criteria:  A  6.  8  -  isolate  plus  \  antibody  rise;  N  antibody  rise 
alone  after  3rd  week. 

C  -  N  ant .body  rise  after  ha!  weak  to  ADV-4-7 
D  *  isolate  and/or  «T  ant ibrJv  rist., 

1  M4G  r  isolate. 

?l  •  ».  F  antibody  rise 


ARP  admissions  associated  with  single  pathogens 


Evidence  for  infection  by  a  single  agent  was  obtained  from  68  of 
131  ARD  hospital  admissions.  As  was  discussed  in  the  first  section  of 
the  report,  47  of  these  68  admissions  were  associated  with  adenovirus 
infection--8  with  type  7,  and  35  with  type  4,  and  4,  type  undetermined 
(but  either  type  4  or  type  7).  Criteria  tor  adenovirus  infection  in¬ 
cluded  isolation  of  the  virus  with  a  homotypic  neutralizing  antibody 
response,  neutralizing  antibodv  response  alone  after  the  3rd  week  of 
training,  isolation  alone  and  finally  for  the  4  individuals  with  un¬ 
determined  type  infection,  neutralizing  antibody  responses  to  both  type 
4  and  7  after  the  3rd  week  of  training.  Neutralizing  antibody  responses 
to  either  ADV  4  or  7  during  the  first  three  weeks  training  could  be 
the  expected  consequence  of  immunization  and  thus  could  not  be  considered 
as  evidence  for  natural  or  wild  adenovirus  infection.  Seven  individuals 
had  evidence  of  Influenza  \i  (Hong  Kong  168)  infections  and,  as  expected 
the  majority  (6)  occurred  in  the  first  two  weeks  of  training.  Influenza 
A2  was  isolated  from  3  of  the  7  cases  and  6  of  the  7  showed  4- fold  or 
greater  Influenza  A2  complement  fixing  (CF)  antibody  rises. 

Rhinoviruses  were  the  only  agents  isolated  from  10  different  indivi¬ 
duals  and  of  those  isolates,  7  were  typable  with  available  rhinovirus 
immunotyping  sera.  The  following  types  were  obtained: 


Table  7.  N\  .  Rhin  wirus  <RV)  Isolates  Immunotype 


1  RV  2 

2  RV  16 

1  RV  34 

1  RV  5 1 

2  RV  53 

J  Unidentified* 


^Tested  against  89  prototypes  RV  except  the 
following  immuno types:  RV  57,  RV  62,  RV  71, 

RV  72,  RV  73. 

Like  Influenza,  these  agents  were  associated  with  hospitalizations 

that  occurred  earlv  in  training. 

Isolation  of  a  group  A  beta-hemolytic  streptococcus  as  the  sole 
respiratory  pathogen  accounted  lor  two  admissions  from  the  same  training 
company,  during  the  same  week.  Neither  strain  was  M  typable  but  both 
were  baci trac  in,  sens  i  t  i ve  and  had  a  12  ,  I  J  T-agglut  inat ion  pattern. 

Two  individuals  proved  t  have  herpes  simplex  as  the  sole  respiratory 
pathogen  and  no  individnils  had  niyeoplasma  CF  antibody  responses. 


Thus,  68  of  114  uncomplicated  admissions  (61.4/)  were  associated 
with  evidence  for  infection  by  a  single  respiratory  pathogen.  Nontheless, 
despite  immunization  with  both  ADV-4  and  ADV-7  vaccines,  adenovirus 
infections  (primarily  type  4)  were  associated  with  over  twice  as  many 
hospitalizations  (47)  as  nonadenovirus  agents  (21 ).  Possible  explanations 
for  the  excess  number  of  ADV-4  admissions  have  been  presented  in  earlier 
parts  of  this  report- -vaccine  interference  and/or  a  relat7vely  impotent 
ADV-4  vaccine  compared  to  the  ADV-7  vaccine. 

APD  admissions  associated  with  multiple  pathogens 

Eleven  of  114  uncomplicated  ARD  admissions  (10.3/)  were  found  to 
have  evidence  of  infection  by  two  or  more  respiratory  pathogens.  These 
findings  are  presented  in  detail  in  the  next  table. 


223 


Table  8,  ARD  Admissions  Associated  with  Multiple  Agents 


Week  of  No.  of 

Week  of 

No.  of 

Training  Admissions 

Agents 

Training 

Admissions 

1  1 

(M.  pneumoniae) *+ 

4 

3 

ADV-4  + 

(Influenza  A2) 

(Influenza 

2  2 

influenza  Aj^+ 

ADV-4  + 

Group  A  Strep, 

T-28,  M-Neg  % 

(Influenza  A2) 

Rhinovirus  (RV) 

Group  A  Strep, 

type  34  +  Group 

T-12,  M- 12  + 

A  Strep,  T- 11, 

(ADV-4) 

M-neg 

5 

1 

ADV-4+ 

3  2 

ADV-7*+  RV 

RV  type  43 

type  53  + 

(Influenza  A2) 

6 

0 

ADV-4  +  RV  type 

7 

1 

ADV-4  +  RV 

unident  # 

type  53 

Anv-4  + 

(Influenza  A^) 

8  0 


*  Parentheses  indicate  serologic  evidence  of  infection  only. 

i  Adenovirus  infections  were  established  by  isolation  and/or  a  4-fold 
rise  in  homotypic  neutralizing  antibody;  Influenza  A2  by  isolation  and 
CF  rise. 

%  Group  A  Strep  and  Rhinovirus  infections  established  by  isolation  alone. 

#  Tested  against  rhinovirus  immunotypes  1  through  89. 
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Combinations  of  infectious  agents  follow  no  particular  pat  Urn  and  these 
admissions  were  distributed  throughout  t traiMP'.*,  cv(  h*,  Ten  of  11 
admissions  associated  wit1  r.ore  thar  :  »•  »vsp  i  ratorv  pathogen  inv  Ivcd 
two  agents  and  one  admission  was  as:»i»'  ;at*-d.  wit!  •  ■videnct.  of  s  iron  1  taneo>  s 
inactions  by  three  pathogens  (AnV-/).  k;lrn  v  r  .  ,  t/pr  ^  1  and  Jr.lineoza 
A?  *  .  Although  Inf!  1?.  /.1  r  j  was  recovered  1  h«  threat  ot  ri  individual, 
evidence  for  n  «;c;  ions  111  *  ther  inJiviri*a*«-  .v ;  1 1 ;  Influ(t.*.i  A>  relied 
s«»lelv  on  *  4- fold  or  greater  1  i  se  i.»  CF  irtihodv.  Iniluer/a  vaccine 
was  routinely  ad  ini  stereo  during  tin*  lirst  or  second  week  *>t  training 
so  :t  i-  possible  that  i  ronuni  0  at  ion  could  ice*  m*.  t  tor  seme  of  the  CF 
response *s  However  immunization  i*-  more  t  it*  n  associated  with  he:na- 

gglutinating  an  i  body  responses  rather  than  with  Cl  response-  which 
more  Itkeiv  occur  with  natural  infection. 

AHD  admissions  associated  with  imj  loti!  :  a  hie  a  gents 

Dm  mg  th«_  course  of  the  study  .1  !oi  Ion  to  AKD  wards  could  not 
ht  associated  with  any  identifiable  r -?::iiratorv  disease  agents,  accounting 
t\»r  2  3.  V/  ei  all  admissions  to  ARD  wt:  ,s  and  M  o!  th'*sc  nidged  to 
be  bona  I  id. i  respiratory  disease  adrw  si  u’t ^ .  [Vc:u  v-onn  of  the  3S  admis-* 
sions  (6uh)  occurred  during  the  firs:  turn;  weeks  of  training  during  a 
time  when  adenovirus  associated  AKD  does  not  characteristically  occur. 

As  shown  t iii  the  r.ext  tab  10,  this  represents  almost  half  (21/44)  of  all 
respiratory  admissions  that  occurred  during  training  weeks  1-3.  During 
the  latter  weeks  of  training  there  were  onlv  14  AHD  admissions  .associated 
with  unidentifiable,  agents,  and  these  represent  2^’  (14/70)  of  all 
respiratory  adruss  i ons  during  that  per icd  of  time. 

I  able  9  Weeks  uf  draining  Total -8  weeks 


1-'* 

A -8 

1(  . 

hop  irat  orv  Adim  s  s :  ons 

r6 

Ass  c i ate  2  with  ’ n fee  - 
t  imift  Agents 

No .  R  «sp  i  ra  t  cry  A  dm  i  s  s  ions  7  1  1 4  $ r) 

Associated  with  llnidenti- 
liable  A  g  en  t  s 

1 1  to,  :  ti-  pi  ratter  v  44  70  114 


)  1  f  1  •  t ;  s .  • 

:  ■  0  s 

v  .  Ai\f>  idm’ss 

ions 

complicated  by  pi.eun;.*nm 

Sev 

i'ii!  i,e.n 

i  ndi  v 

i  duals  wi  r<  i;  admitted  to 

ARD  wards  and 

1  1*  v  ( ?  «ii  »i»ire*I  to  the  pneumonia  wa^d  Lee  «  u  f  r.idi  hgic  evidence 
a  proum  i  rl»is  represents  11.4  .  nt  all  ADD  ad:vss.n*u;  mul  14. 9T 
'  n  >oe  actually  j  1  J>.<.  d  to  have  a*s:hr..t  i\  J 1  ease.  The 


following  table  summarizes  virologic,  serologic  and  bacteriologic  data 
obtained  from  these  individuals  upon  admission  to  the  ARD  ward,  prior 
to  transfer  to  the  penumonia  ward. 


Table  10.  ARD  Admissions  Complicated  by  Pneumonia 


Infectious  Agents  1 

2 

Week 

3 

of  Training 
4  5 

6 

7  8 

ADV-4 

1 

0) 

(1) 

Influenza  1 

(1) 

Rhinovirus 

1* 

Group  A  Strep 

U 

No  identifiable  agents  1 

4 

2 

l 

0 

2 

0  0 

Total  No.  Admissions  2 

4 

3 

2 

2 

2 

0  0 

Parentheses  indicate  serologi 

*  Type  unidentified,  tested 

#  T  agglutination  pattern  = 

c  evidence  of  infection  alone, 
against  rhinovirus  immunotypes 
3/31/41,  M,  nontypable. 

1-89. 

ADV-4  was  isolated  from  one  individual  but  in  two  instances  only  an  ADV-4 
neutralizing  antibody  response  could  be  documented.  On  individual  had 
an  Influent  A2  isolate  as  well  as  a  CF  antibody  response  and  this  admis¬ 
sion  occurred  during  the  first  week  of  training.  An  unidentified  rhino- 
virus  and  a  Group  A  streptococcus  were  isolated  from  two  other  indivi¬ 
duals*  No  evidence  of  any  infection  was  obtained  in  10  cases.  None  of 
these  admissions  were  associated  with  a  4-fold  or  greater  rise  in  M. 
pneumonae  CF  antibody  titer, 

d .  Summary  of  ARP  Host  Ual  Admissions,  3rd  BCT  Brigade 

The  following  table  summarizes  the  total  number  and  per  cent 
of  total  (for  each  of  the  various  categories  already  described)  of  all 
hospital  admissions  classified  for  statistical  purposes  as  ARD  admis¬ 
sions  in  3rd  brigade  trainees. 


Z’Zh 


* 


Taole  LI.  Per  Cent  Distribution  <>i 


\*< !)  .Min  i  s  s  i  un*. 


Category  *  ••  'h  ■ »  1 1 . i  s >*  i’i  \  m  !  *r  I  i 


i.’^n  -  AR  L)  Admissions 
(rubella,  short  react  l on s*» 

u .  i 

Akl)  Aarti ss ions 

]  ; 1 

t  k  7.  b 

ARD  complicated  by  pneumonia 

’  7 

■  !  *  .  A 

Uncomplicated  ARD 

i  1  ♦ 

l  7n  .  o 

AOV  associated  ARD 

/  - 

n  1  .  r 

Non-ADV  associated  AR!) 

Mu.1 

Influenza,  rliinovirns,  group  A 
s  tt  Gp ,  etc , ) 

AKP  associated  with  multiple  neents  11  (  7.4 'j 

ARD  associated  with  unidenti¬ 
fiable  agents  (23.  >  ' 

Thus,  in  «»nly  23.  Vt  of  all  ARD  hospital  admissions  in  this  >»n  uj  was  a 
reason  aml/or  possible  cause  for  AIM  i nan;>a rent . 

e.  Previous  lv  reported  cpidcmiolog i <  siudi  s  h«ve  Mj  >wn  .'hat 

Klenov irusus  (typos  4,  7  and  i.r,  1  lessor  o.tent  f\*u»  11 1  )  re  fU.<  major  can 

of  acute  febrile  respiratory  lisease  requiriio.;  ho.sp  ’  t  a  1  .  z  1 1  i  or  et  U.  S*. 
military  trainees  during  basic  c  >mbat  training.  IVirinp  pMen.ir  periods, 
and  depending  upon  M.r/.r.i  t'  t  ruieied  v.u  ■  ;  n  i  u  f  I  ;u*n  >•:»  irus»*s 

n  v  also  produce  eon.  idorah  u  respira!  **ry  h’  om-.  *  r  (pairing  h 
o  3 1  i  o  r. .  although  a  ho  ^  L  of  other  viral  ini  i>Ji  erial  pitboyens  (;>ara 
influenza  viruses,  rhinovi  »*uses ,  Co/tsrckie  A-  2  ]  t  group  A  ci*rt-pt  )corci  . 

V.  pneumoniae,  etc.)  have  r;  use  J  sporadic  Jis«.  .  u  ind  (  v»mi  son**  epidenie  : 
m  military  popt:  lat  ions ,  non?  o;  flu  >  agents  h.j  e  donv  o.irMod  :  ho 
put  nogen  ..c  qr  <i!j  ties  (t.runumissahi  1 L?  ^ ,  virulence,  etc.,  ascrjbi  1  to 
either  atierov  i  rus*.  ^  ai  Influenza  viruses.  I’h’o  .  ■  en  i  hi  fit  *?  !  ’in»t 
•*r  up  i*(  iruin*  m.  v.as  immunized  witr.  A!/  *2  e.nd  vPV  1  a  r  Iik*.,,  it  v’as 
;seiit  j.il  u.  r.os  it  r  cl  so  tv  the  c.fne*  •»  <M  :mn  tr.izuti  i  t  (  »  t«- 

']■  ’on  luc  M(  ^  I  :it-  i  f  f  lcacs  .  b  it  a  1  u  t  ■  •  ee  ’  .  u:uii*r  t  .«  m  c  iror  st.i’K^s, 

o'  ior  O'Si  iriUTv  ;uihogc’»s  v...ul  ’  uT.eiM*  »  :  e\hJ».t  siiilar  c  an.v  Itv  to 

r>  'ke  d  i  /  ..I  v:  life  t  ha  *  us:*  t  ».ui  ed  will,  adeit*.  *.  i  *  u.  n.*.. 

T.i  results  c  Uarly  indicate  that  unmr  the  c  end  it  Jons  of  this 
parT  i  ai  ar  *  .*  »ly  no  re.c.;» ira ?  orv  purhogous  replaced  the  ade»*,.v  .  t  os»*s  as 
j  r  v,;  i  . ,  i  !  i  *.  u  i*  Mv1  f  Mos;  s  t  u  i  i  /  o?i  ..  r  .  ;  no  .•  i  : 


r,  <1 
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associated  ARD  accounted  for  nearly  one-third  of  the  admissions  and 
these  were  primarily  due  to  ADV-4.  As  previously  discussed  (Part  A) 
the  ADV-4  vaccine  was  of  marginal  potency  and  clearly  less  effective 
than  the  ADV-7  vaccine. 


As  expected,  small  number  of  Influenza  A2  virus  and  rhino- 
virus  associated  ARD  admissions  occurred  early  in  training  whereas 
adenovirus  associated  ARD  was  found  daring  the  latter  part  of  training. 
As  for  other  potential  viral  and  bacterial  respiratory  pathogens,  no 
para- inf luenza  virus  isolates  were  found  despite  the  use  of  appropriate 
isolation  techniques.  Coronavirus  isolation  techniques  were  not 
employed.  Group  A  streptococci  were  found  only  occasionally,  and 
serologic  evidence  of  M.  pneumoniae  infection  was  demonstrated  in  only 
one  individual  in  the  entire  study. 


The  11  ARD  ulmissions  associated  with  evidence  for  the 
simultaneous  occurrence  of  two  or  more  respiratory  infections  point  out 
the  difficulties  of  establishing  the  etiologic  basis  for  ARD  hospitali¬ 
zations  in  military  training  populations.  Epidemiologic  studies  limited 
to  the  search  for  only  one  or  two  etiologic  agents  have  failed  to  con¬ 
sider  the  problem  of  multiple  infections  and  conclusions  regarding 
causality  of  disease  should  bo  guarded.  'Hie  availability  of  several 
recently  developet  virologic  and  serologic  techniques  not  utilized  in 
this  study,  could  peril  ips  decrease  further  the  number  of  ARD  admissions 
associated  with  unidentifiable  agents.  Sixty  per  cent  of  these  admis¬ 
sions  (21/35)  occurred  during  the  first  three  weeks  of  training,  and  it 
is  possible  that  the  addition  of  rhinovirus  and  corona/irus  serology  (and 
coronavirus  isolation)  to  the  battery  of  tests  employed  would  reduce 
this  number  even  further.  Obviously  more  numerous  and  more  sensitive 
techniques  will  be  required  to  define  all  the  agents  of  disease  in  such 
a  group  if  similar  studies  are  to  be  contemplated  for  the  future. 

Few  conclusions  should  be  drawn  from  the  isolation  and 
serologic  results  obtained  from  the  17  ARD  admissions  complicated  by 
pneumonia.  It  is  well  recognized  that  the  mere  presence  of  organisms  in 
the  upper  respiratory  tract  does  not  always  reflect  the  cause  of  lower 
respiratory  tract  disease.  No  ipper  respiratory  infection  could  be 
demonstrated  in  10  ol  these  cases  but  no  attempt  was  made  to  obtain 
sputum  cultures  from  any  ol  tho:u  individuals  after  they  were  transferred 
to  the  pneumonia  ward.  The  etiologic  spectrum  of  pneumonia  in  hospita¬ 
lized  recruits  is  virtual  l\  unknown  except  in  those  few  instances  where 
the  evidence  for  M.  pneumon i a ,  in  near  epidemic  proportions,  has  been 
obtained , 


ADV-4  and  \P.-/  in  it.-,  .e  •'<  to  coi  trol  but  not  eradicate 
the  two  most  common  causes  ol  Ai<l)  requiring  houpitaliz.  tion  in  recruit 
populations.  Given  ADV-4  and  ADV-7  vaccines  of  adequate  and  equal 


potency,  coupled  with  proper  timing  of  admi  n: :» i  rat  i  on  md  usage, 
control  of  disease  caused  by  these  two  viruses  can  probably  be 
achieved.  The  results  of  this  study  suggest  that  attempts  to  control 
non-cadenovirus  associated  ARD  will  be  more  difficult  because,  of  t  ne 
multiplicity  of  agents  and  the  number  thu  a*-  yrf  i  cu  o  r  i  f  i  ed  , 
Furthermore,  if  these  findings  are  substantiated  h\  luturc  studies, 
the*  question  must  be  asked,  "Is  control  of  the  various  remaining 
causes  of  ARD  in  these  populations,  in  view  >f  low  morbidity  and  absence 
of  mortality,  a  realistic  and  practical  goal  " 


1 1 .  Adenovirus  Surveillance  Program  19  70-71 


Data  is  incomplete  at  the  time  of  writing  this  report  and  complete 
analysis  of  FY  71  surveillance  will  be  included  in  next  year's  report. 

In  this  report  the  use  of  adenovirus  vaccines  and  "heir  effect  on  crude 
ARD  rates  will  be  considered  for  each  post  (or  if  appropriate,  groups 
of  posts)  based  on  data  available  beginning  July  1  ,  1970,  through 
March  27,  1971. 

Ft.  Ord:  Beginning  as  early  as  Julv  1970,  ARI)  rates  at  Ft.  Ord  exceeded 
3/ 100/week  and  remained  between  2.0  and  3.0  throughout  August  and 
September.  Surveillance  data  indicated  that  807.,  or  more  of  disease 
was  caused  by  ADV-7  and  late  in  August  it  was  decided  to  immunize  in¬ 
coming  recruits  at  Ft.  Ord  with  ADV-7  vaccine  ulone,  The  vaccine  used 
(lot  16  CV-02401,  Wyeth)  contained  -  10^*^  TCID5Q  vaccine  virus/ 

tablet  and  was  the  same  lot  of  vaccine  used  at  Ft.  Wood  and  Ft*  Lewis 
earlier  in  the  year  (Feb-Apr).  Immunization  was  initiated  on  3  Sept 
and  by  10  Oct  all  recruits  in  training  were  immunized.  However,  the 
ARD  rates  steadily  increased  from  2.r>  on  10  Oct  to  6.2  on  12  Dec  and  by 
that  time,  ADV-4  associated  ARD  was  occurring  with  a  frequency  equal  to 
ADV-7  disease.  Subsequently,  representative  capsules  of  vapeine  shipped 
to  Ft.  Ord  were  tested  for  potency  simultaneously  wit!  tablets  from  the 
same  lot  that  had  been  stored  at  WRAIK  Ihese  titrations  showed  that 
vaccine  shipped  for  use  it  Ft.  Ord  o-ntained  10^.4  jcID^q  virus  /  tab  let , 
considerably  less  chan  10^* y  TCID50  obtained  for  vaccine  stored  at  WRAIR. 
Loss  of  titer  probably  reflects  improper  handling  during  shipping  in 
late  August,  since  the  vaccine  wasn't  refrigerated  when  shipped.  Loss 
of  potency  in  part  explains  lack  of  effect  on  ADV-7  associated  ARD,  but 
there  was  still  enough  etfect  to  bring  about  the  emergence  of  ADV-4, 
which  by  late  November  was  causing  two- thirds  of  adenovirus  associated 
ARD. 


New  lots  of  both  ADV-4  (lb  01-02901  ,  Wyeth)  and  ADV-7  vaccines 
(16  CV-02701  and  16  CV-02801,  Wvoth)  were  released  for  use  in  mid- 
January,  1971*  These  vaccines  Contained  10^*1  (ADV-4)  10^*-  (A.DV-7) 
and  1()5«6  (ADV-7)  TClD%o  respectively.  With  the  introduction  of  these 
vaccines  ARD  rates  at  Ft.  Ord  temaintd  1  >w ,  ranging  between  1.6  arid 
2.1/100/week  and  during  Fehniarv  adenovirus  associated  ARD  accounted 
for  less  than  10'/  of  the  total. 

Ft.  Dix,  Ft.  Wood,  Ft.  l.owjs 

The  decision  to  use  nvailubh*  ed'V  vaccines  at  these  posts  beginning 
on  1  October  1970  wa>  ha  cd  u  pri<  1  /tar  s  surveillance  data.  Each 

post  had  experienced  high  r  it*.  10  \ovcmber  and  December  in  rvj  or  more 

of  the  four  years  sine*-  .  urv**  1  1 1  .m  e  wa  -  begun  The  available  vaccines 
were  less  than  optimal.  ADV--  vie  cine  <  Lot  16  Cl -00801)  contained 

logo  .  in3- &  "1 C  !  fj^o  /  I  1  1  :  AO.  -  7  ('«(  10  CV-02  101)  3nd 


(16  CV-024C1)  10^*^  TCID^q.  The  experience  with  these  vaccines  at  all 
three  posts  was  somewhat  similar,  as  was  the  experience  with  the  new 
lots  of  vaccines  after  Christmas. 

u  .  Ft  .  l)i :< 

ARD  rates  dropped  from  1.6  on  17  Oct  to  1.6  >n  12  Dec,  appa¬ 
rently  the  result  of  iimnunization.  By  14  Nov,  1007  of  tTainees  had 
been  immunized  with  both  old  vaccines  but  the  supply  of  ADV-4  became 
exhausted.  Thus  immunization  was  continued  unti 1  after  Christmas  with 
ADV-7  vaccine  alone.  Beginning  on  16  Ian  incoming  recruits  received 
the  new  vaccines,  but  the  ARD  rates  continued  to  rise  from  1.3  (16  Jan) 
to  4.8  on  20  Feb  because  trainees  m  the  latter  weeks  of  training  had 
received  only  the  old  ADV-7  vaccine.  Subsequently  the  rate  fell  to 
1.4  on  20  Mar  and  this  may  be  attributed  to  immunization  wi  ch  new  lots 
of  vaccines. 

b.  Ft.  Wood 


Following  immunization  with  old  ADV-4  and  7  vaccines,  the  ARD 
rate  fell  slowly  trom  4.1  on  7  Nov  to  2.1  on  19  Dec.  After  Christmas 
ARD  rates  climbed  to  4.3  on  20  Feb  after  which  they  delincd  rapidly  to 
1.4  on  20  Mar.  Immunization  with  new  vaccines  began  in  mid-January 
and  as  at  Ft.  Dix,  the  increased  rates  in  Feb  reflect  disease  in  the 
latter  weeks  of  training  among  men  immunized  with  the  old  vaccines. 

c .  Ft.  Lew i s 


Similarly  at  Ft.  Lewis  ARD  rates  declined  from  4,0  on  24  Oct 
to  1.8  on  28  Nov  following  immunization  with  old  ADV-4  and  7  vaccines. 
However,  rates  then  rose  abruptly.  3.3  on  3  Dec  and  3.4  on  12  Dec  at 
which  time  surveillance  data  showed  that  68.  *3  a  ARD  was  no  t  attribu¬ 
table  to  adenoviruses.  No  non -adenovirus  agents  were  isolated  during 
that  or  the  preceding  week  and  there  is  no  satisfactory  etiologic  ex¬ 
planation  for  the.  abrupt  increase.  After  Christmas,  rates  at  Ft.  Lewis 
remained  low,  unlike  Ft.  Dix  and  Ft.  Wood,  and  immunization  with  the 
new  lots  of  vaccines  undoubtedly  helped  maintain  these  low  rates 
(Jan  average  -  1,1/week,  Feb.  -  1.6/week,  and  Mar  -  1.6/week^. 

u .  Ft .  Campb  cA  1  2 _ Ft Jackson,  Ft,  Knox,  Ft.  Polk. 

The  southern  posts,  none  of  which  had  high  ARD  rates  in  the 
fall,  began  •  mmuni  zati  on  with  new  vaccines  on  16  January.  At  each  post, 
''.u.cines  were  administered  to  all  recruits  in  the  first  live  weeks  of 
training  and  ♦‘hercafrei  fo  each  weekly  input.  Bearing  in  mind  that 
some  of  these  posts  received  ADV-4  vaccina  alone  in  Jan  -  Mar  of  one  or 
!.;ui  u  of  the*  last'  four  surveillance  years,  there  was  still  a  marked  reduc¬ 
tion  in  moutnlv  ARD  rates  obtained  for  this  year  when  both  .ADV-4  and  7 
rai\:iiiCiJ  w**re  used  compared  to  monthly  overages  Ft  the  previous  four  year 
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Table  12.  Comparison  of  Monthly  ARD  Rates/ 100 


1967-1970 
Four  Year  Average 
of  Monthly  ARD 


Rate/ 100 

1971 

%  Reduction 

Ft.  Campbell  Jan 

5.6 

1.9 

66.1 

Feb 

22.1 

6.2 

72.0 

Mar 

17.4 

7.9 

54.6 

Subtotal 

45.1 

15.0 

67.8 

Ft.  Jackson  Jan 

7,0 

4.5 

35.7 

Feb 

14.8 

8.0 

46.0 

Mar 

13.6 

11.8 

13.2 

Subtota  1 

35.4 

24.3 

31.4 

Ft.  Knox 

Jan 

2.0 

1.6 

20.0 

Feb 

8.0 

4.8 

■  40.0 

Mar 

10.5 

5.0 

52.4 

Subtotal 

20.5 

11.4 

44.4 

Ft.  Polk  Jan 

3.5 

3.3 

5.7 

Feb 

7.4 

4.2 

43.3 

Mar 

9.5 

3.6 

62.  1 

Subtotal 

20.4 

11.1 

45.6 

Total  4  Posts 

121.4 

61.8 

49.1 

The  table  indicates  that  during  Jan-Mar  of  1971  the  number  of  ARD 
admissions  was  reduced  by  one-half  over  the  average  of  the  four  pre¬ 
vious  years.  Per  cent  reductions  ranged  from  a  67.8%  at  Ft.  Campbell 
to  a  31%  at  Ft.  Jackson.  It  is  of  interest  that  at  Ft.  Jackson  during 
March,  rates  hovered  around  2,5  -  3.0/week  despite  the  almost  total 
absence  of  adenovirus  associated  AilD  during  that  month.  No  other 
pathogens  had  been  identified  as  of  the  writing  of  this  report. 

Thus,  the  Adenovirus  Surveillance  System  has  to  date,  failed  to 
account  for  two  episodes  of  increased  ARD  admissions:  One  at  Ft. 

Lewis  in  December,  1970.  and  the  other  at  Ft.  Jackson  during  March, 

1971.  Neither  increase  was  associated  with  recovery  of  adenoviruses, 
agents  which  the  system  was  specifically  designed  to  detect.  Sensitive 
methodology  for  detecting  other  respiratory  pathogens  may  have  to  be 
incorporated  into  the  system  in  the  future.  Aside  from  these  two 
instances,  control  of  adenovirus  disease  (and  hence,  ARD  in  general) 
seems  possible  with  availability  of  potent  ADV-4  and  ADV-7  vaccines 
coupled  with  appropriate  timing  ot  their  administration  co  military 
training  populations. 
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1 1 1  A .  Induced  Gas  troin  t  as  1 1  na  1  Jrfc.ctio,.  Man  with  Living  Adeno¬ 
virus  Vaccine  T  pe  21. 

Study  yM  ,  Whitecoat  V  lunteer^  > p  \e;  r  !  Wo. 

The  nrinciple  r  tuses  of  2  a  e  R*  st> :  i  .*  r  or  v  Di-eascS  (AHD)  requiring 
hospitalisation  in  Basic  enmbar  [riiiu  is  t  hC !'  \  in  CONlTS  are  adeno- 
viruse*.  (ADV)  Types  *  « n  i  /.  'A  .’ng,  .t<  /:  -c  ated,  .*  DY  Type  4 

(L-AV-4)  and  ADV  Type  7  (1,-AV-/:  vaerin-e  '.a  v  been  demonstrated  to  be 

highlv  effective  in  the  suppre° s  i -m  of  AD’'-  #*  utd  AD\  -  7  associated 
hospitalized  ARD  as  indicatid  ii  r  r*  "i  ^i:rt  »  mb  ot  this  report. 

Other  adenovirus  serotypes  that  have  been  associated  with.  AKD  in 
military  trainees  are  ADV-21  and  ADV- 14.  In  1%7,  \DV-21  caused  a 

significant  amount  of  disease  in  trainees  at  r t  rhx  New  Jersey. 

Extensive  use  of  L-AV-A  and  L-AV-7  ,»aeci:n,s  rav  leuu  i  u  the  emergence 
of  other  adenovirus  serotypes  as  major  ca  i^o.1  nf  AkO  and  ADV-21  is  a 
very  likelv  candidate. 

A  living,  enteric,  AD':  Ivpc  21  \a.  c  i.u  fi  A.  21)has  not  pre¬ 
viously  been  evaluated  because  of  the  one.  gen ici  i  *  if  ADV  Type  21 
strains  in  immurtologicu  l  Ly-  f  ncompeteut  newborn  unburs  and  the  un¬ 
certainty  of  the  relationship  of  adenovirus  iniocti«T..s  and  neoplasia 
in  man.  Results  of  a  recent  serologic  survav  oi  v.  >nci»  patient  sera 
and  matched  controls  for  possible  react  ions  with.  A.mnov  ires  r  antigens 
(supported  by  the  Sc  lie*  Iumor  'M  rus  group  .»  the  NCI,  NIH)  shoved  no 
indication  of  antibody  activity  in  cancer  pat  Lent  or  control  sera  to 
the  know  adenovirus  T  antigens  by  the  cot  p lenient  fixaii  m  test.  From 
these  results,  it  was  concluded  that  aden<  viruses  ch  not  appear  to  be 
involved  in  production  of  sigi  ificart  numbers  o i  \  uruin  tumors,  and 
permission  to  study  efficacy  and  safetv  of  living  ADV  lype  21  vaccines 
in  military  personnel  was  gran  red  b\  the  Vaccine  Development  Branch  of 
N1AID  and  the  AIDRB,  OTSG 

The  following  .  idy  was  designed  to  pe'mit  evaluation  of  the 
safer/  and  i  .:nnu»oger  i  ci  tv  oi  live,  r  a  1  ,  or.  'trie  ALV  Type  21  /irus 
immun i zai  i  ?n  in  mat  . 

1  .  Dos  i^n  of  S . ud\ : 

a.  !  hy _ Sjjulv^Jlrorp .•  .N«  1  »;n to-r *mre  chosen  iron  enlisted 

r«o  sr*nr;p  1  *,  jr  f  i  r  i  r;  t  i  ng  in  FKOLV’T  fAi  I  TLXD;*7 .  A  coir;  i**te  and  compre¬ 
hensive  -.>-p  Innat  i  on  »<i  the  stub;  at  1  its  risks  was  yi.e:.  to  the  enlisted 
men  by  i  hr  i’ro’oci  Director  in  the  pr  sence  c  the  pi:  tcipal  investi¬ 
gators.  Fr-Ji-'Wing  this,  each  individual  wi:  .  m  u*rv i t.wod  personally 
and  given  u  opportunist  to  -  k  add i L  ion  1 1  q-.est  ior.  .  and  express  their 
de.^in  to  rarticipa  c  A  comer.'  s ».a r omc nt  ,  ur  file  in  the  U.  S.  Army 
ModiCi*1  f  in'  .  Tori  V*  >  u  *  Maryland  wa>  signed  by  each  volunteer. 

■  Ik*  \.  !  etect  evowf  inns:s*<-o  oi  I rut1  L  uni  i  <  i  t  free  of 
Ap’.  •  2  j  iu’i'uid*,  iherv:  u.lutw.r.  v  1.2)  t  :  ,su.  culture  neutralization 


test.  Volunteers  were  housed  in  individual  rooms  on  two  closed  wards 
for  the  duration  of  the  study;  each  ward  contained  both  volunteers 
who  received  L-AV-21  and  those  who  received  placebo  enteric  capsule. 

All  volunteers  shared  common  recreational  and  dining  facilities. 

Detailed  medical  histories  and  physical  examinations  were  performed 
on  each  volunteer  on  admission  to  the  study  wards.  Complete  hospital 
records  were  initiated  and  maintained  on  each  volunteer.  Initial 
medical  evaluation  also  included  an  electrocardiogram,  chest  x-ray 
(PA  and  lateral),  complete  blood  count,  urinalysis  and  throat  culture. 

b.  Vaccine  Virus  Used  for  Immunization:  Adenovirus  Type  21 
(strain  V-270)  propagated  in  human  embryonic  kidney  (HEK)  cells  was 
obtained  by  Wyeth  Laboratories  from  National  Institutes  of  Health. 

The  strain  was  passaged  two  rimes  in  HEK,  then  through  11  passes  in 
human  diploid  fibroblast  culture  (Wl-38),  lyoohilized,  mixed  with  an 
inert  vehicle,  and  prepared  into  enteric-coated  capsules  (Lot  CIX- 
02101).  The  capsules  were  shown  to  contain  an  average  of  10^*^ 

TCII50  upon  titration  of  virus  in  HEK  cell  cultures.  Virus  obtained 
from  the  capsules  was  neutralized  by  hyperimmune  ADV  Type  21  anti¬ 
serum  in  tissue  culture  neutralization  tests.  Volunteers  not  re¬ 
ceiving  L-AV-21  received  an  enteric-coated  placebo  capsule  (enteric- 
coated  placebo  #4  containing  lactose,  Wyeth);  this  preparation  was 
shown  to  contain  no  cy topathogenic  agent  when  a  liquid  suspension 
of  it  was  inoculated  int  >  HEK  tissue  culture  tubes. 

Ten  volunteers  received  the  adenovirus  vaccine  (L-AV-21) 
and  five  volunteers  received  the  placebo  tablet  on  study  day  0. 

2.  Methods.  Blood  was  obtained  at  0800  hours  on  study  days  -5, 

-3,  0  and  daily  through  day  14  and  then  on  day  18  and  21  for  white 
blood  cell  and  differential  count,  hematocrit  and  platelet  count. 

Blood  was  obtained  at  0800  hours  on  study  day  -5,  -3,  0,  4,  7,  14,  and 
21  for  total,  direct  and  indirect  bilirubin,  SCOT,  SGPT,  alkaline  phos¬ 
phatase  and  BUN.  Urinalyses  was  obtained  on  admission  to  the  study 
and  daily  thereafter  until  day  14,  then  on  days  16,  18,  and  21,  The 
above  laboratory  tests  wire  performed  bv  standard  laboratory  procedures. 

Blood  was  obtained  on  days  -4,  0,  7,  10,  14,  18,  21,  and  28  for 
serologic  studies.  Serum  neutralization  tests  were  performed  on  serum 
samples  from  the  volunteers  in  HEK  tube  cultures  using  ADV  Type  21 
vaccine  strain  (V-270),  Serum  neutralization  end-points  were  deter¬ 
mined  at  a  time  when  the  test  dose  el  virus  showed  10  TCID50  in  HEK 
tube  cultures.  Adenovirus  c  implement- fixation  titers  on  0  and  28  day 
serum  samples  were  determined  by  standard  Tiicro-titer  procedures  against 
a  commercial  adenovirus  (  F  intigin  obtained  from  Microbiological  Asso- 
c iates. 


Throat  washings  and  stool  (01  rectal  swab)  specimens  were 

obtained  on  each  volunteer  on  »tudv  lays  -4,  -3,  -2,  -1,  and  day  0 

through  day  28.  0.1  ml  aliqu  t  nj  each  throat  wash  and  0.3  ml 


* 
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aliq'iots  of  a  107  suspero,  i  on  of  «.acn  •>;  •  •  .  aim  !.*  v-t^e  inoculated 
into  two  HFK  tube  rulruies.  lubes  '*«  i*  im  .  f  >  *  *  «  « I  -n  IbuC  and 
observed  for  cyLount*'  o  e  *  •  t  <  '.'b  •  \m  r m-r  d:\.  i.ulatcs 

exhibiting  character  is: i ~  And  ''Dr  w  i  (  *  .  n  (is*,  m  t.  Iture  neu¬ 
tralisation  rests  m  drK  tutu-  n  ur.  mi*.  *  1  v{  .  1  1  .  »  a:>V  ivye 

21  anti  sor  nr'.  i'e^o  «  : ; !  1 1 '  .  *  ^p*  1*  .  1  n  typed  witli 

hyper  immune  hei  pe  sv  ?  r  a  -  h-  ;>i  n  ;  ■>  an  t  s.*'  urn  ,  u  i  •  h  1*  inhibiting 

enut  ovi  r  us  (iPK  wi  *;c  cvptd  '.;iu  iv]**  ::t  .  oir-,  **  v':us  antisera. 

Whan  either  enterovirus  r  l^rj’ObV!  r  :  rP’  1  V.erv«*!.  an  aliquot 

of  the  original  nwiteMi)  wi  !  r  a'*.*  v.  i  t 1  .1:  ;o  ■  r  :  at  •  vpt.r  j  inn ‘.me 

sera  and  observed  for  a  ui:i  r:i»na'  /!  dv. 

3.  Results 

a.  Patterns  of  Vires  Sheading: 

,  .  rnm  . . —  m  MM  ■, 

S;  1  1  h v c r  e  l  i  1  *  ** : . , » * r  * .  .  i,  . .  iu*  1 1  >•  10  v'lnu- 

t*ers  recei'im  !  •  A’%  -  7  I  :x<  rei  i  AfV.  ;  1  ’ .  *  <  *  .  »*  is.  ADV-21 

sheading  was  den*  unrated  1  1  r  -  l  11  e.  dav  .  i,  .{  :  •  1  study  day 
21.  f)t  ration  nt  fecal  sheddin;  .  iriod  h*-tv.  x-p  ♦  ios  jr.J  17  days  with 
a  mean  of  10.  1  days,  Mule  1  t  m*.  f  ;  .'e  v.  1  ji.iet  r  receiving  the 

placebo  tablet  excreted  AOv  in  uit  :.t»  <  1  ♦  '  r.>*  Lie  edy.  All  ADV 

isolated  were  cypable  as  \F)\  T^p*  .  1,  1*.  n'dii  ?*m,  ..r»u  inr.unired 

volunteer  (frlj  escroted  brho  v;r  tvn»  •'  ;n  mis  -  tool  from  dav  -4  to 

dav  1 2  o  l  l  he  s  t  ;wlv  . 


1  pha * '  >  .  i‘.<e  **  ■  t  i  on  .  ADV  21  -se  rot  n'n  was  not  demon¬ 
strated  in  throat  v.\>?J  in*  •> I  eithet  itmniri  i  :  j  laceho  volunteers. 

ilxcret  ion  of  hoi  py  sv  i i£_  t,.  runis  v.u  !•  mi-m*;’  utco  in  tlrnat  washings 

of  three  volunteers,  all  ir  e  h-A’  -.1  inr'im*  :rd  :roup  -((Volunteers 
**3  (da\  ?  t  h  r  'ugi.  d  1  A  *  ,  f  m  dav;  ^  thr  ugh  ^),  and  -MO  (day  -3 
and  day  !  ;  .  \ 


»  (Jv  »• 


.  .  n .  n  '*C 


I  j.’ii  1  1 

day  Fk  rari 


:n*;.  mi  /• 

*  a  '  !  -s  ;  M.U  o  t 
«  -  1  V  i\\r\  '  MS  r  ( I 


.>  f « 1 V  1  e 
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1  >  i  0  -  )  o  [  L:»e 


•  \  delai Is  A0V-2 1 
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and  28- 
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3 ; 


FIGURE  1  ADV  21  STOOL  EXCRETION  IN  IMMUNIZED  VOLUNTEERS 


immuni zed 


DAY  OF  STUDY 


FIGURE  2 

ADV-21  STOOL  EXCRETION  ON  STUDY  DAYS  IN  IMMUNIZED  VOLUNTEERS 
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Neutralizing  antibody  was  not  detected  in  the  28-day  serum  of  the 
five  placebo  volunteers  or  in  the  one  immunized  volunteer  who  failed 
to  excrete  ADV-21.  Antibody  responses  of  the  nine  immunized  ADV-21 
excretors  were  variable;  two  showed  detectable  N  antibody  only  at  a 
1:2  serum  dilution  whereas  two  others  had  N  titers  of  1*64.  Repeat 
neutralization  tests  using  a  wild  ADV-21  isolated  at  Fort  Dix,  New 
Jersey  in  1967  gave  simitar  results. 

In  addition  to  an  ADV-21  N  antibody  response,  volunteer 
#3  who  excreted  ECHO-6  virus,  had  a  rise  in  ECHO-6  N  antibody  titer 
from  <1:4  on  day-4  to  1:128  on  day  14. 

c.  Clinical  Response  to  Immunization:  Mild,  afebrile  upper 
respiratory  disease  and/or  diarrhea  was  noted  in  three  immunized  and 
two  control  volunteers. 

Relationship  of  these  illnesses  to  ADV-21  stool  excretion 
are  summarized  in  Tabic  14. 

Table  14  Experimental  ADV-21  Infection  in  Man: 

Illness  in  3  Volunteers 


Volunteer  # 

Stool  Excretion  ADV-21 
(Study  days) 

Respiratory 
Symptoms 
(Study  davs) 

Diarrhea 
(Study  days) 

A.  Immunized 

15 

none 

+  7 

+9  -  +16 

10 

+6,  +8  -  >16,  +18,  +20 

+13  -  +14 

-- 

1 

+6,  48  -  +13,  +15 

-- 

+16  -  +18 

B.  Control 

4 

none 

i 

» 

G 

+  16 

12 

none 

-  .. 

+20 

Volunteer  #15  who  failed  to  excrete  ADV-21  in  his  stool  had  intermit¬ 
tent  diarrhea  from  study  day  >9  to  4 16.  Diarrhea  in  three  oilier 
volunteers  was  observed  between  day  416  and  +20.  No  virai  pathogens  or 
adenovirus  Type  21  were  isolated  from  stools  collected  during  these 
periods.  The  volunteer  who  excreted  ECHO  virus  Type  6  in  his  stool 
(day  -4  to  +12)  and  adenovirus  (day  +6  to  +15)  as  well  as  herpesvirus 
in  throat  (day  -2  to  48)  was  entirely  asymptomatic  throughout  the 
study  period. 


One  immunized  volunteer  (/*!  i'  had  a  24  Lour  afebrile 
illness  consisting  of  mild  malaise,  hearijrtn  nod  baclacht  act  mparied 
only  by  a  mildly  injected  con  junr  t  i  .'fie  re-  i  v<*  1  in  leer  (,r7  . 
developed  a  mild  papular  rash  rve.i  the  sum  i  «t  v  '  ^  «  !,n  !*;  1  which, 
persist  :u  Iron  day  +4  to  +13.  No  other  lilr.esse.  vufc  detected  if  *-n*, 
of  immunized  or  placebo  volunteer .•>  during  ti  -  duration  f  this  study. 

cl.  Laboratory  Response  to  1  mnnjn  i  z.i t  i  >n  .  N<  atnorma l  i  t  i  es 
in  hematocrit,  complete  blood  count,  nlatel  c  nt.  r  >(al  ,  diiect  and 
indirect  bilirubin,  SCOT,  SGPT,  alkaline  phosphatase,  hi’;.,  or  urina¬ 
lysis  was  found  in  a  volunteer  in  the  immune  or  p  J  iccbo  groups  during 
the  duration  of  the  study. 

e.  Pi scussion:  Nine  of  the.  iU  volunteers  receiving  L-AV-2) 
excreted  ADV-21  in  the  stool;  and  all  o!  these  <‘xmtors  developed  ADV-2 
neutralizing  antibodies.  The  infection  r^ft  obtained  with  this  lot  of 
vaccine  virus  (containing  10^-*  *!c  )  D.^  'Tab  I «  t  anp.  rs  t->  approach  ‘>0’ 
and  t!ius  be  entirely  suitable  for  use  ip  man. 

The  pattern  of  stool  ADV-dl  CAcre.ti  *n  in  immunized 
vnlunt.eo.rs  infected  with  L-AV-21  was  found  comparable  to  t ha t  of  ADV-7 
and  ADV-4  virus  stool  excretion  as  reported  b y  ihunock,  et  1 , 

JAMA  ISh;  44,  1966.  and  Top,  et  al,,  J.  Inf.  Pis.  iln  press). 

ADV-21  was  not  recovered  tram  t  !ie  ropharynx  of  .immunized 
volunteers.  No  evidence  of  communicuh :  i  i  t y  ■>!  ihe  vaccine  virus  was 
iuimu  in  that  the  five  placebo  volunteer;,  wl  ai:»o  lacKe.d  detectable 
serum  ADV-21  N  antibody  and  who  wore  housed  tn..<~thcr  with  the  immunized 
group  showed  no  ires  excretion  and  did  net  develop  ADV  CF  (a  N  anti- 
body  rises  during  the  course  of  the  study. 

in  ill  immunized  v  ■uncaers  who  ^wi*t  to)  ADV-21  victim*  virus 
i  l)'L,  serum  neutralizing  antibody  vs.  IC  K'iK^  rl  the  vaccine. 

*.!*';  :e  ''ulu2)  was  present  in  the*  .'8-. lav  serum.  ‘tilers  .  i  ADY-21 
:-k  vum  N  ..ntinedy  i  r.  these  nine  men  a:  i  mparahJe  h-  ADV  ■  s  and  ADV-7 
,*n  ti  body  titers  in  volunteers  immunized  with  live,  enteric  ADV-4 
.  ;  !  A!>V-  7  vaccines  respectively  ‘Vh«ir<eck ,  or  ai.,  and  lop,  et  al., 
.•u-iv.icv  itod  above) . 
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B.  Development  of  Systemic  and  Secretory  Antibody  Following  Immuni¬ 
zation  with  a  Live,  Oral  Enteric  Adenovirus  Type  21  Vaccine. 

1.  Purpose 

It  has  been  noted  that  the  inrnunological  responses  to  live 
enteric-coated  Adenovirus  vaccines  differ  from  those  infections  natu¬ 
rally  occurring  in  the  respiratory  tract.  One  difference  is  the  lack 
of  development  of  Adenovirus  antibody  in  the  nasal  secretions  of  the 
vaccinees.  Another  is  the  lower  complement  fixation  responses  following 
enteric  Adenovirus  infection.  This  study  was  designed  in  conjunction 
with  the  previous  study  to  investigate  the  development  of  Adenovirus 
Type  21  (ADV-21)  antibody  activity  in  both  the  serum  and  in  the  secre¬ 
tions  of  inmunized  volunteers. 

2.  Methods 


a.  Collection  of  specimens:  The  collection  of  specimens 
utilized  in  this  phase  of  the  study  was  described  in  Part  III  A. 

b.  Preparation 

(1)  Stools:  Samples  of  selected  stool  specimens  were 
suspended  In  twice  their  weight  of  distilled  water  and  vortexed  with 
glass  beads.  The  course  particulate  matter  was  pelleted  by  centrifuga¬ 
tion  at  2,500  rpm  for  20  minutes.  The  supernatant  was  removed  and 
recentrifuged  at  10,000  rpm's  for  one-half  hour.  The  resulting, 
clarified  solution  was  dialvzed  overnight  in  distilled  water.  Following 
determination  of  the  volume,  the  specimens  were  lyophilized  and  re¬ 
constituted  to  the  appropriate  concentration  with  distilled  water. 

(2)  Nasal  secret  ions :  Nasal  washes  were  collected  as 
described  above.  Selected  samples  were  vortexed  thoroughly  with  glass 
beads  or  sea  sand  and  centrifuged  at  10,000  rpm's  for  20  minutes. 
Supernate  was  decanted  and  dialyzed  against  200  volumes  of  distilled 
water.  Protein  concentrations  were  determined  on  the  dialyzed  samples 
using  the  Aminco-Bowman  spec trophotof luor imeter .  Tie  solutions  were 
then  lyophilized  and  recons t i tuted. wi th  distilled  water  to  contain 

250  mg7o  protein, 

(3)  Serum :  Sera  was  collected  as  described  above. 

Several  sera  were  extracted  with,  DEAL  Scphadex  A-50  to  isolate  IgC. 

See  Annual  Report,  1968-1969,  for  method.) 

c .  Quantitation  of  immunoglobulins 

The  immunoglobulins  contained  in  sera,  nasal  wash,  and 
stools  were  quantitated  iLsiry  the  standard  and  low  levc*l  radial  immune 
diffusion  kits  prepared  bv  Hyland  Laboratories. 
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d ,  Kadio  Autography  Scu i2  j  cr 

( I )  An  r  i  ger.  [  r  oy  h  r  u  t  i  > ;  >  l  r  !f-!nb>  1  Adenovirus 

Type  ?. )  anti  ire  i  was  prepare**!  in  t.v  r'  a .  i  :  '  irr.:  oi  ii.mur.  br  ;onic 
k  i  Jiu*v  i.  t- !  1 .  Sr  r  *  1  ■  ,  P*  1  a  l*  hr  t  t  !  *  '  . .  a  me.  n  prvua 

kidney  a'  i  I  uyerc  vert  neJi-  I  :  i  MV-  i  *0.1  .  ir.e  varus  (Strain 

'J  70)  u  a  i  n  g  .  t  m 1 1  i  t  i  j  j  l  i  c  i  :  •  *  .  . :  mr  •  ■  1  f  t  n  p  r  '  i  :i«r.  t  *  *  i  \  10  l <  1  .  A 

90-minute  period  incubation  was  » 1 1  iwed  *.  II  wing  which  maintenance 
media  (Media  199  containing  orc-tenrr»  the  normal  Amina  At  ids  and  1" 
fetal  bovine  scrum)  with  the  aJcmio'.  of  i;  nl  of  a  Aaiino  Avid 

mixture  containing  0.168  mg  oi  raxed  '-Amin  acids  ind  a.l  me  f 

^C/ml  (New  Kngland  Nuclear  Corp.  ;  was  i  dec!  and  the  cultures  were 
inruhdfed  at  17°.  When  the  cytapathic  :f  !‘c,  t  i  aval  7c  75  Co  100  per 
cent  o|  the  cell  sheet  the  media  was  in  .a  idu!  a  ul  rh**  .  »  l  nee t*c  from 

the  blake  bottles  were  harvested  into  10  ml  a  H  ml  '  *.  Sal.  ed  s*‘  it 

.oi  ut  fan.  Jhc  cells  were  disrupt  *d  bv  son ‘rat '  •  an  ,  *~on  rituged  and  the 
supernatant  iluid  was  treated  twice  with  -:n  ‘.r  ...  !h«  *qm  mjs  ‘aver 

was  recovered  ami  diulvzmJ  r.mr  v  a.uiusi  ht1  m  eu  alt  solution 

uiu  i  1  the  r  iii  i  dr  r  ’  vi  ty  of  the  diul^uto  whs  ci.duced  i  vacKmu  »um! 
level.  Hie  preparation  used  tor  radioactive  oiuJm,?  studv.es  contained 
d.  7  x  10^  counts  per  minute  per  m’  juj  h  :  j.^*  p«r  m i  AcUaovirus 

'iype  J I  .  Dilution:;  ot  1 :  in  i:  .00  ,i  this  an  .  ;,*n  ve.r  ■  rud, 

:nce  1 1  1  i  oiuj  'bents  of  Uh  vino  were  l  lie*  led,  1 1 1 L  s  ,n'i  a*:,  was 
r  road  1  v  i  i  oss  reactive, 

f  *  ’  rod  i  o  inimune  elec  l  r  apm:  es  i  s  Klvctnf  .uresis  of  scrurr. 
specimens  vert  carried  nut  in  0.9“  !<  n  Agui  prepared  in  (-.05  M  barbital 
‘'ii'hVr  ph  8.6.  5*  ides  w*r“  prepared  and  t:  N  ••  L  rapin'  rest  d  far  two  hours 

••si  i,,  lH  vc  its  across  the  ager.  antisera  against  vi**1*  human  serum 
prepared  in  rabbits,  oi  antisera  ipauo.t  ‘’pocitic  I  mi. urn- w, !  ohu  1  i  ns 
I  i  “pan  (1  in  mats  *  by  Jana  habit  m  u  isi  were  placed  in  i  he  troughs  and 

.i-  f-rec  ip  i  I  ‘  c  1  i .  «.  s  •..-ere  uiu*v  -a  f  Ui  i  1  i  .  .  ^  hou.  s.  following 

•o-;f  ing1  radi  'ac*:*.  .uit^«  w*.s  a  du'  to  ’in.  f  *  '  una  2U  hours  later 
i  slims  w»*r  again  washed  with  su'ine  l.Mlow^a  bv  listilied  water  > 
u^i  ,J  i\d  pi  rui  ;n  contact  with  KocaK  X-r.iv  t’fl:  lor  one*  to  two  weeks, 
i  iides  were  removed  Iru*r  the  i  :  In.  stained  i*  r  protein  with  amid  > 
at  i  oi.d  r  hi  X-t  »V  !  i  •  T  WJ‘'  vcVt'li  }'iu, 

t  1  au  .n  i  nttotu  vi  i  f  1  mi  n  :rpimef«  M  i ..  ro- Ouch  t  »*r  lony 

,  it-i  oro  pt  p«  i\d  ns.pg  on*  p«  r  can:  a  u*  so  M.J  N  fris,  0.1)05  M 

elMA  La  *tV.  ,  j  h  .h.0,  i)  reripiitual  wt  1  1  woro  illcd  with  serial 
joiij  dili.*  i.  ns  i  t  the.  specimens  lu.  ne  test  d.  A  specific  antl-hurnan 
i  'i  (  y  l  'ilin  v..i  i  la  ’  placed  in  the  cm  t«  r  vs-.  1  )  of  v  ach  p'late, 

*  v. .  m  j  -  Ik  •  i  i.  -u» i  -a  nbji  ion  .  ‘  r  n.  n  •  ei  ,u  i  aim  t  s  all  owed  for  the 
pr  *  •«  L  in  l  - ;  v*  s  *  >  !*o.i  lop  ai  a  the  Preparation  was  then  washed 
o:.  M’.  c  i  >\  .I  hours  i  r  ii  ii*  i'n;' !  sa'  te.  i  o »  1  wing  this,  tfu 

.,r-  i  ..ltd  with  a  *.10  lution  •>;  iiie  r  dioactivu 

)  -  .  i.  j>v<.,  '  '  >  wa.i  .ill  va  *  ■  »•  i  i  >[  Ii.  itj  and 

.up,  i  i  t  ;  *  a  l  a*  •.  »t  * 1  "to;,  n  a.  w  *.  i  .ii  lol,  had  i  o 


r  ■  *  *  ; 


autography  was  performed  as  before.  The  nature  of  radioactive  binding 
by  the  Inrnunoglobulin  in  a  specimen  was  expressed  as  the  reciprocal 
of  the  highest  dilution  showing  a  detectable  line  on  tne  radioauto¬ 
graph. 


3.  Results 


a.  Neutralizing  antibody  responses  in  sera:  Nine  of  the  10 
immunized  volunteers  developed  neutralizing  antibodies  by  the  twenty- 
first  day  following  immunization.  As  was  stated  previously  the  re¬ 
sponses  were  variable  with  four  out  of  nine  showing  a  titer  of  less  than 
or  equal  to  1:8*  The  remainder  showing  titers  of  1:32  or  1:64.  Geo¬ 
metric  titers  are  shown  in  Figure  3. 

b.  Radioimmune  Elec trophores is :  Experiments  to  determine  the 
specificity  of  the  antigen  were  carried  out  using  Radioinmune  Electro¬ 
phoresis.  Adenovirus  Type  21  labeled  antigen,  dilutions  containing 
107  TCID50  and  2.7  x  10*  Cpm,  were  found  to  bind  with  the  immunoglo¬ 
bulin  precipitin  lines  from  serum  showing  complement  fixing  antibody 
and/or  neutralizing  antibody  against  Adenoviruses.  In  individuals 
with  no  detectable  Adenovirus  antibody  activity,  no  specific  binding 
was  found  to  occur. 

c.  Radioimmune  diffusion  studios  on  sera:  The  chronologic 
development  of  antibody  activity  of  the  three  major  immunoglqbulins 
was  determined.  Figure  4  shows  the  geometric  mean  titer  determined 

by  this  method  of  the  specific  immunoglobulins.  As  will  be  noted,  the 
IgM  response  began  early,  developing  within  seven  days  after  immuniza¬ 
tion  in  most  of  the  immunized  volunteers.  The  IgA  rose  later  to 
higher  levels.  With  IgM  and  IgA  in  certain  individuals  there  was  a  re¬ 
action  with  the  antigen  in  the  initial  sera  indicating  probably  pre¬ 
vious  infection  with  Adenoviruses.  IgG  from  the  same  sera  determined 
by  this  method  showed  a  high  initial  titer  in  all  of  the  volunteers, 
inmunlzed  and  controls.  This  also  was  presumably  due  to  high  levels 
of  group  reacting  IgG  secondary  to  previous  infection  with  other 
Adenoviruses.  The  IgG  titers  remain  essentially  constant  in  seven 
of  the  nine  responsive  volunteers.  In  only  two  of  the  nine  was  there 
a  significant  four- fold  rise  in  radioimmune  diffusion  titers. 

d.  IgG  neutralizing  activity  in  sera:  Because  of  the  diffi¬ 
culty  in  interpretation  of  rlui  IgG  responses  as  monitored  by  the  radio- 
immune  diffusion  technique,  I*gG  was  extracted  from  the  sera  of  several 
individuals  using  the  DEAF]  Sephadex  A- 50  method.  The  extracts  were 
found  by  Immunoelectrophoresis  to  contain  only  IgG.  This  was  quanti¬ 
tated  with  Hyland  Radial  Immune  diffusi  >n  plates.  Neutralization 
titers  on  the  whole  sera  ami  the  IgG  showed  a  parallel  rise  in  neutra¬ 
lizing  activity.  See  Figure  5. 
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DAYS  FOLLOWING  IMMUNIZATION 


ADENOVIRUS  IMMUNOGLOBULINS  IN  HUMAN  SERUM 


S  FOLLOWING  IMMUNIZATION 


FOLLOWING  IMMUNIZATION 


e.  Antibody  re8ponaes  of  nasal  secretions:  Nasal  washes 
were  studied  for  the  presence  of  Adenovirus  antibody.  The  relative 
amount  of  IgA,  IgM  and  IgG  present  in  each  concentrated  specimen  was 
estimated  using  low  level  immuno  plates  and  serum  standards.  Table  15 
shows  the  relative  amount  of  IgA  in  the  nasal  washes  was  approximately 
the  same  on  day  0  and  day  28.  The  radioimmune  diffusion  data  showed 
either  no  uptake  of  the  C^- labeled  antigen  in  the  secretory  IgA  or 
the  same  amount  of  uptake  in  the  day  0  and  the  day  28  samples.  Volun¬ 
teer  No.  10  is  an  exception.  However,  it  was  noted  that  there  was 
approximately  twice  as  muoh  IgA  in  the  28  day  specimen  as  was  present 
in  the  day  0  specimen.  It  is  perhaps  significant  that  this  volunteer 
developed  a  mild,  afebrile  upper  respiratory  illness  during  the  course 
of  this  study.  The  rise  in  IgA  may  be  attributable  to  this. 

Table  15.  RADIOIMMUNE  BINDING  OF  ADENOVIRUS 

ANTIGEN  BY  NASAL  SECRETORY  IgA 

SUBJECT  NASAL  SECRETIONS* 


Immunized 

IgA** 

RID*** 

21  Excretora 

Day  0 

Day  28 

Day  0 

Day . 28 

1 

38 

31 

2 

<  1 

2 

37 

18 

<  1 

<  1 

3 

18 

22 

<  1 

<  1  . 

5 

30 

29 

1 

<  1 

6 

31 

45 

<  1 

<  1 

8 

16 

19 

4 

4 

10 

15 

33 

2 

4 

11 

34 

32 

1 

1 

13 

39 

42 

<  1 

<  1 

CONTROL 

4 

•  _ 

<  1 

<  1 

7 

18 

20 

2 

2 

9 

31 

22 

2 

1 

12 

30 

28 

<  1 

<  1 

14 

33 

33 

1 

1 

*  Nasal  secretions  adjusted  to  250  mg%  protein. 

**  IgA  mg7»  nasal  washes  -  versus  serum  standards. 

***  Reciprocal  of  radioimmune  diffusion  titer. 

The  volunteers  who  received  placebo  had  similar  relative 
IgA  levels  and  radioimmune  diffusion  titers  on  the  early  and  late 
nasal  washes. 
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Quantitative  IgG  levels  obtained  on  nasal  secretions 
ranged  between  less  than  4  mg  per  cent  to  15  mg  per  cent.  Radio- 
immune  diffusion  studies  on  nasal  IgG  showed  low  but  sustained 
Adenovirus  21  antibody  activity.  No  IgM  was  detected  in  any  of  the 
nasal  secretions.  Neutralization  tests  were  performed  on  day  0  and 
day  28,  Nasal  washes  on  individuals  with  Adenovirus  antibody  activity 
demonstrated  by  radioimmune  diffusion  technique.  These  were  found  to 
have  no  neutralizing  activity  against  Adenovirus  type  21. 

f.  Antibody  responses  in  the  intestinal  tract:  Vaccine 
virus  replication  occurred  in  the  gastrointestinal  tract.  IgA  was 
the  only  immunoglobulin  found  in  stool  samples.  Radioimmune 
diffusion  assay  of  Adenovirus  antibody  was  carried  out  on  these  stool 
specimens.  By  this  method  specific  antibodies  were  found  in  seven  of 
the  nine  immunized  volunteers  who  had  Adenovirus  in  their  stools. 
Antibody  appeared  as  earsly  as  the  14th  day  in  four  individuals. 

Two  subjects,  one  in  the  control  and  one  in  the  immunized  group,  were 
found  to  have  pre-existing  Adenovirus  antibody  activity  in  the  stool. 
In  one  individual,  the  antibody  activity  tests  were  inconclusive  due 
to  insufficient  amounts  of  IgA.  Beside  these  exceptions  no  Adeno¬ 
virus  binding  was  found  in  stools  from  any  of  the  four  remaining 
control  volunteers.  Four-fold  concentrations  of  day  0  and  day  28 
stool  samples  from  one  of  the  immunized  individuals  were  tested  for 
neutralizing  activity  and  this  was  demonstrated  only  in  the  28-day 
sample.  See  Table  16. 

Table  16.  RADIOIMMUNE  BINDING  OF  ADENOVIRUS 
ANTIGEN  BY  STOOL  SECRETORY  IgA 


SUBJECT 

Immunized 
ADV-21  Excretors 

1 

2 

3 

5 

6 
8 

10 

11 

13 

CONTROLS 


Stool  IgA 
Day  0  Day  28 

+ 

+ 

?  ? 

+ 

+ 

+ 

•f  + 

+ 

+ 


4  + 


4 

7 

9 

12 

14 
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4,  Discussion; 


These  data  suggest  that  enteric  Infection  with  Adenovirus 
results  In  the  development  of  local  secretory  antibody  only  in  the 
intestinal  tract.  This  is  in  contrast  to  Adenovirus  Infections 
naturally  occurring  In  the  upper  respiratory  tract9  which  are 
uniformly  accompanied  by  the  development  of  nasal  secretory  antibody. 
That  this  difference  occurs,  substantiates  observations  by  others  that 
local  stimulation  is  necessary  for  the  production  of  local  antibody. 
Either  the  presence  of  the  virus  itself  re  likely  the  replica¬ 

tion  of  viral  antigens  is  necessary. 

Adenovirus  specific  IgG,  assa  Jie  ability  to  bind 

radio- labeled  antigen,  showed  less  than  u  uur-fold  increase  in 
seven  out  of  nine  of  the  immunized  individuals.  Also  Type  21  immuni¬ 
zation  altered  complement  fixation  titers  very  little.  Similar  lack 
of  change  in  complement  fixing  antibody  titers  was  seen  in  studies  of 
Adenovirus  Types  4  and  7  vaccines.  These  serologic  responses  to 
immunization  differ  from  those  seen  in  natural  infection  where  signifi¬ 
cant  increases  in  both  complement  fixing  and  IgG  activity  have  been 
documented  by  similar  methods.  This  suggests  that  cross-reactive  IgG 
and  complement- fixing  antibody  are  not  stimulated  by  enteric  infection. 
That  a  low  level  type  specific  response  does  occur  was  shown  by  the 
increases  in  specific  neutralizing  activity  demonstrated  in  the  DEAE 
extracted  IgG. 

The  efficacy  of  the  ADV-21  vaccine  has  not  been  tested.  . 
However,  in  this  initial  study,  it  has  lead  to  similar  virologic  and 
immunologic  responses  in  volunteers  to  those  seen  following  Type  4  and 
Type  7  vaccines.  The  similar  biologic  properties  of  the  Type  21  vaccine 
indicate  that  the  vaccine  should  prove  efficacious  if  it  should  be 
called  into  use. 

The  fact  that  enteric  Adenovirus  infections  are  protective 
without  the  development  of  nasal  secretory  antibody,  suggests  that 
a  different  protective  mechanism  exists  than  that  which  has  been 
postulated  for  other  upper  respiratory  virus  infections  such  as 
Rhinovirus,  respiratory  syncytial  virus  or  para-inf iuenza.  In  the 
latter  infections,  local  respiratory  IgA  antibody  is  apparently 
required  for  protection  against  respiratory  disease. 

Following  natural  infection  with  Type  4  Adenovirus  reinfec¬ 
tion  with  Type  4  Adenovirus  rarely  occurs.  With  enteric  immunization, 
on  the  other  hand,  reinfection  of  the  respiratory  tract  may  occur  with 
viral  shedding  and  the  development:  of  local  nasal  antibody.  Clinically, 
this  reinfection  goes  unrecognized  or  shows  only  mild  upper  respiratory 
symptoms.  Disease  as  defined  by  temperature  elevation  and  systemic 
infection  does  not  occur.  Invasiveness  beyond  the  mucosa,  therefore, 
appears  to  be  important  in  the  pathogenesis  of  febrile  Adenovirus 
disease.  Demonstration  that  viremia  and  viruria  occur  in  individuals 


hospitalized  with  febrile  Adenovirus  disease,  coupled  with  the 
observations  that  parentally  administered  Adenovirus  vaccines  cause 
febrile  disease  often  accompanied  by  upper  respiratory  symptoms. 

Further  suggests  that  viremia  or  extra-resp ira tory  replication  may 
occur.  Thus,  it  seems  possible  that  the  typical  disease  associated 
with  natural  Adenovirus  infection  may  be  nr  even  ted  bv  the  presence 
of  serum  neutralizing  antibody.  Secretory  antibody  per  rv  is  important 
in  the  prevention  of  local  infection. 


Studios  et  Hepatitis-associated  antigen  (HAA)  were  directed 
toward  determining  (l)  if  antigen  complexes  and  subtypes  exist  in 
patient  sera,  am!  <2)  the  most  useful  means  of  detecting  HAA  in 
military  bh\d  banks.  Some  related  clinical  studies  were  carried  out 
a  s  well. 


A .  Cha  rue  tajrj  ;:a  t  i  o n  f  HAA 

Although  ant  ibodv  to  HAA  (anti-HAA)  is  found  in  persons  who 
have  multiple  exposures  to  HAA,  e.g. ,  hemophiliacs,  it  is  rarely 
detectable  hv  complement  fixation  or  gel  precipitation  in  patients 
who  recover  from  HAA  positive  hepatitis.  This  may  reflect  the  pre¬ 
sence  of  an  antihfdv  which  does  not  fix  complement  and  is  too  dilute 
to  precipitate  i i  i.  m.  If  this  is  true,  much  more  sensitive  tests 
wi  1 1  be  needed  to  defect  specific  antibody.  An  alternative  explana¬ 
tion  is  that  HAA  itself  is  an  ant i gen- ant i body  complex  which  must  be 
administered  intact  to  a  host  to  produce  anti-HAA.  Support  for  this 
theory  depends  on  separation  ot  two  components  of  HAA,  demons trat ing 
one  has  antibo.lv  characteristics  and,  if  possible,  recombining  them 
to  restore  r ho  original  antigenic  characteristics. 

Anti  st 'run  produced  in  animals  from  partially  purified'  HAA 
(Annual  Report,  1970)  have  sometimes  contained  low  titers  of  anti¬ 
normal  human  IgG.  Preliminary  experiments  were  conducted  to  see  if 
I  gt;  could  he  separated  iron  HAA  prepared  by  other  techniques. 

1.  A  1.0  ml  sample  of  HAA  positive  plasma  (CK  D1387)  was 
passed  thr  High  i  Sephadcx  (.-300  column  (2.5  x  90  cm)  in  0,02  M 
sodium  phosphate  buffered  saline  (PBS),  pH  7.5,  A  recording  was 
made  of  tin  W)  Mfi  light  transmission  for  each  fraction  eluted. 
Protein  was  d.  t  .a  t  •!  in  *5  tractions.  The  tirst  eight  fractions  of 
the  first  pr.uiir:  p.-aL  contained  HAA.  Low  concentrations  of  IgG 
were  found  tn  the  sane  fractions  by  radial  immunodiffusion  (RID). 

The  presence  »»i  i.d,  in  the  earl  /  peak  suggested  antibody  may  be  inti¬ 
mately  ass  m  i  ite.l  with  . . r  \  parr  of  HAA.  A  pool  was  made  of  14 
fraction*  im-lnd  *v  r !.»  lescendt  ng  portion  of  the  first  peak  and  mid¬ 
portion  o»  tip  ,»•.  .-mi  p»’uk  ,  uid  an  aliquot  passed  through  Sephadex 
(1-200  in  ..  M  o!  ».v  lue-HC  i  Huf  iV.r,  pH  3.0.  A  single  protein  peak 
was  recorded  which  preceded  most  of  the  IgG.  In  CF  tests,  this  peak 
(a)  had  a  low  viccntrati  »n  of  HAA;  (h)  gave  a  partial  reaction  with 
o.  e- >n  va  ’ -."O'.t-i  »  ;en.p  ir  »m  a  patient  who  previously  had  antigen  and, 
(c)  gave  a  re  ict  ion  v-  i  rh  fractions  containing  LgG  eluted  after 

ihi*  p » *  ik .  IP’  *  •  »•,  *  u  r  t  her  suggestive  evidence  that  the  original 

plasma  •  *  up.**  im(  iomus)  .ind  IgG  which  were  associated  witli  HAA, 
O’uld  h-*  . i • ; •  i r  ■  i f. .  1  i  upii  chromatography  and  recombined  in  the 


p re  ion c 


In  a  follow-up  experiment  using  a  freshly  prepared 
Sephadex  C-200  column  (1.5  >:  90  cm)  and  Lin.  .*»dme  PUS  buffer,  an  HAA 
positive  serum  and  another  al  i  quot  of  CK  plasma  were  found  to  have  low 
concentrations  of  lgG  in  fractions  containing  HAA.  Two  antigen- 
negative,  ’'normal”  serums  had  no  significant  I  gG  in  corresponding  elu¬ 
tion  fractions, 

X.  An  attempt  was  made  t . »  iv..,.si'  i  f  !  i  ism;  a  sample  of  CK 

plasma  as  t  pit  liininarv  step  in  HAA  [  .nficati  mi,  I  be  sample,  18.9  ml, 
was  brought  to  27/  saturation  with  iN'M/,*  -Ste  l»  r  ilirei  hours,  then 
cent  r  i  f  uged  at  6000  i  pm  for  60  mi  mitt  ..  1  .o  <  ,  i  \'ibt  i  Oin/4  was  removed 

from  the  supoi  nait'  and  ;edii:ie.nt  0  ,  pi  < iOv  1 :  1 1  *,  i ..  with  0.02  M  PBS. 

The  dialyzed  solutions  were  testi  I  f<u  HAA  1  M’.  din  ia  is  the  original 

plasma  had  an  HAA  titer  ot  1:32,  the  s  uj.crnalunl  t  1 1  ered  1:48  and  the 
sediment  was  ant icomp 1 iment ary . 

/\  10.0  ml  sample  0  tin  .  up  emit  e  was  placed  on  a  DFAK 
Sephadex  A-50  anion  exchange  column.  Million  of  proteins  was  accom¬ 
plished  with  stepwise  increases  M  PhS  concent ra l i on  1 rom  0,003  to 
1.0  M.  lgG  was  recovered  with  thi  0.015-1).  12  M  butlers,  The  0.003-0.01 
M  eluates  react  d  by  CF  with  three  HAA  positive  m  ra ;  the  greatest 
reactivity'  residing  in  the  0,00  1  M  portion.  ihev  (lid  not.  react  with  a 
normal  serum  control.  HAA  was  not*  detected  in  any  of  the  buffer  con¬ 
cent  rat  i  oils . 

This  indicates  that  the  hi  hi  salt  concentrations  used  did 
not  precipitate  all  LgG  from  HAA  positive  serum.  Furthermore,  the 
IgO  which  reacts  with  hepatitis  sera  may  have  different  charge  charac¬ 
teristics  than  most  of  the  remaining  l g( I . 

1.  The  effects  of  37 l  (NH^JaSO^  treatment  on  lour  normal  and 
10  HAA  positive  sera  were  compared.  Following  a  three- hour  incubation 
at  0°C,  the  treated  samples  were1  centrifuged  at  2800  rpm  for  60  minutes. 

Snpcrnatr-s  aiui  sediments  we.te.  diol'/ed  i,Mi<  i  O.OM  \<  pjgs^  pH  6.9. 

It  was  found  that  HAA  act  ivit\  was  partial  lv  precipitated 
by  the  salt.  More  importantly,  son  e  supernal  es  would  react  as  antigens 
with  homologous  or  heterologous  sediments  in  immunoel  ec  t  roosmophores  is 
( 1  MOP)  tests  Noble  17).  This  obi  I  its  t  ,  n  combine  was  partially  lost 
as  tin*,  sediments  became  visibl  (  loinlv  when  .-.tori’ll  at  4°C  in  0.003  M 
PBS  for  seven  days. 

It  is  apparent  from  these  t.iau-  that  HAA  positive  sera 
contain  at  least  two  components,  whiili  <  on  he  separated  and  recombined. 
One  of  Llie.se  components  appears  (  >  h.ive  l  et  characteristics.  The  exact 
relationship  of  these  components  tu  HAA.  is  vet  (  U  determined. 


Supernate  used  as  antigen,  precipitate  as  antibody. 
Signifies  positive  lEOr  reaction. 

Signifies  negative  IEOF  reaction. 


B  .  Methods  of  Detecting  HAA  ai..i  1 1 .  t  t  -  HAA . 

1.  lmmunoo iec t  roosnoph  »r .  MFn^'  was  applied  to  the 
detection  of  I1AA  and  anti- I1AA  (Prino  I  *>7r«  .  In  this  precipitin 
test,  migration  of  anti  pen  toviirJ  anti  hoc1  v  is  facilitated  by  the 
presence  of  an  electrophoretic  field.  Under  the  conditions  of  the 
test,  negatively-charged  HAA  mi  v  i’j  1 1  s  t  >wanl  l!<  an  sic  md  the 

pt-s  i  t  l  vu  1 ''-charged  specific  IgG  .u.ii’  h  •  t  u\d  the  cathode, 
ho  test  was  performed  in  ;  tarn  Ini  1  ■  I*  i:  i«  i  oquipmen?  using 

glass  l. intern  slides  (4  x  J  2  iml.t.-i  ».  it.  i  .f1  l".0  :■  1  each  of 
1,0  Agar  i':c  in  0.0S  M  Barbital  *  ft  i  ,  .  b .  Ant  iron  was  placed 

in  t  m.M  ws-ll'i ,  an*  i  serum  in  A  •  »i .  I!  .i.  a  »  ,  '  arr-t  ‘-center  well 

distance  was  h  mm.  F.  lectr  plh»r«  i  vv.i  ,  uiieo  >-<a  us  i  sutticient 

constant  '.Milage  input  to  give  •  12  It  it  ,  «n  ;  tential  across 

tlu  agarose  slides.  Although  preftpitin  r<  .it  t  i  to  wore  often  visible 

in  one  hour,  routine  total  running  f:  «  w.  tw  1  irs.  Interprota- 
t  ions  wei*o  made  at  one,  one.  and  one-ha  I !  .  re!  i  w,  hours. 

2.  The  National  Research  Count i 1  sponsored  a  cooperative 
study  of  tlu*  relative  sensitivity  oi  diifenpr  HAA  detection  methods, 
lliis  laboratory  w.is  one  ol  20  wl  mii  n  «  rn  ol  120  <.  wled  test  .^t-ra 

trom  DBS-NCDC  for  comparative  testing,  l  ing  l  sir  di  I  ferent  antisera, 
each  serum  was  tested  for  HAA  hv  Add,  II  op.  and  (T.  In  this  study,  a 
WKA1K  rabbit  antiserum  was  suj  ri ior  t  i  hu»  in  and  two  guinea  pig 
antisera  in  precipitin  tests  (table  I*'  11. t  iCiiP  test  was  shown  to 

be  more  sensitive  than  AGO,  but  less  than  Cl.  ft  was  concluded  that 
the  rapid  i  tv  and  simplicity  ot  tin  Hog  :  ik«  it  the.  most  practical 

test  for  use  in  military  blood  collecii  >n  canters  at  this  time. 

The  standard  AGO  test  (Annual  k»  j>  it,  1^70  >  was  found  to 
he  rather  insensitive  (Table  ’  ».  s»*nsi  t  i  v  i  t  \  was  improved  by  pre¬ 

liminary  concentration  of  test  sera  with  Ivphoeel  (polyacrylamide  gel, 
GeLmati  Instrument  Go.)  granules  (Peters,  lH7<)i,  Two  to  tlirec  granules 
*  Lvphogol  were  placed  in  0.  ]  nil  of  r  ’rum  *  t  two  bourn  before  heading 
the  wi1 1  I  s  of  an  agarose  slide.  twice  .»  m  •  i  i  with  (T  titers  of 

1:8  or  less  were  recognized  as  c.uit  ai  n  i  nr  i'AA  of  ter  concentration 

(Table  1M) ) .  Preliminary  serun  i  •nri'ii;  i  .11  t.  n  is  n»«u  i  routine  step  in 
diagnostic  AGO  tests, 

J.  Comparative  te  t  i  ng  t  c  oi-  »■  i  ■  i  i  l  •  evailahlo  I  COP  vqiiip- 
nient  wa  carried  out  to  aid  in  t  ■  •!  ti  »  i  ipment  for  use  in 
military  blood  donor  centers.  i  npar  te  t  were  limited  by  the 

availability  of  each  type  .»!  o(]  ,  i  p»  *  -  i  o,  ,  •:  t  i  s^r'ir,  lest  ing  was 
carried  out  as  follows. 

Twenty- four  sera  wvu  sole.-ti  i  ‘i  !  .  DBS-NCDC  hepatitis 
panel  to  include  14  with  HAA  ('C  t  i  f  <t  t  '  !o  1  204  8  (positives) 
and  10  with  ao  detectable  anti  mu.  iu  it  ?  .er  i  wore  repeatedly 


Table  18  NCR  COOPERATIVE  STUDY 


Table  19 


THE  EFFECT  OF  PRELIMINARY  SERUM 
CONCENTRATION  WITH  LYPHOCEL*  ON  THE 
SENSITIVITY  OF  AGO 


HAA 

CF  liter 

No.  Sera 

Ton t  od 

No,  Positive 

(inconceu  L  ra  t  cii 

by  AGO 
Concentrated 

>  1:16 

61 

1:8 

14 

r 

> 

10 

1.4 

10 

I 

1 

1:2 

3 

0 

1 

T  ota 1  IV  s i t ive 

88 

63 

71 

/  Positive 

100.0 

71.6 

80.7 

*  Polyacrylamide  gel  granules. 
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tested  in  each  piece  of  equipment  with  as  many  commercial  antisera 
as  possible.  This  permitted  the  evaluation  of  the  performance  of 
each  type  of  equipment  and  antiserum  independently.  In  each  run, 
sera  were  arranged  randomly.  Precipitin  reactions  were  interpreted 
by  multiple  readers,  including  a  company  representative  whenever 
possible.  Only  the  observations  of  one  reader  were  used  for  com¬ 
paring  results. 

Mach  type  of  equipment  used  a  barbital  buffer.  Buffer  pll 
ranged  I rom  8.2  to  8.6  as  specified  by  the  company.  fable  21  demon¬ 
strates  the  major  differences  between  types  of  equipment.  In  comparing 
tile  performances  ol  equipment  and  antisera,  both  false  negative  and 
false  positive  reactions  were  considered  (Tables  22,  2  3).  A  per  cent 
total  error  was  determined  by  adding  the  number  oi  false  negative  and 
false  positive  reactions  and  dividing  by  the  total  number  of  tests. 
Usually,  each  type  of  equipment  had  fewer  false  negatives  when  using 
its  own  antiserum  (Table  24).  Precipitation  reactions  are  dependent 
on  obtaining  an  optimum  concentration  of  antigen  versus  an  optimum 
concentration  ot  antibody.  "False  negative"  reactions  are  frequently 
due  to  high  concentration  of  antibody  (in  the*  undiluted  antiserum) 
which  inhibits  precipitation  due  to  antibody  excess. 

This  principle  of  the  precipitation  reaction  limits  the  use 
of  a  precipitating  antigen-antibody  system  as  a  method  of  antigen 
detection  over  a  wide  range1  of  antigen  concentrations. 

An  evaluation  of  each  type  of  equipment  was 
the  Surgeon  General’s  Office. 
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I  EOP  equipment 


Performance  of  Antisera* 
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C.  C 1 inical  Studies 


1.  The  immediate  family  members  of  an  infant  with  giant  cell 
hepatitis  and  HAA  were  followed  over  a  12-month  period  (Bancroft,  1971) • 
Although  the  mother  and  two  sisters  were  asymptomatic  HAA  carriers 
without  histories  of  liver  disease,  percutaneous  liver  biopsies  showed 
pathologic  changes  in  each  (Table  24 ) .  These  1  hidings  support  former 
suggestions  that  hepatitis  virus  mav  cause  ditierent  pathologic  mani¬ 
festations  in  ditierent  people  depending  upon  their  age,  length  of 
exposure,  and  immune  responsiveness  lAu.rmau,  19M/. 

2.  In  order  to  estimate  the  HAA  carrier  rate  in  military 
blood  donors,  pilot  tubes  Iroiu  1112  units  * » l  blond  i  llected  from 
9  June  to  10  July  1  970  were  tested  by  (f.  Suspicious  and  positive 
sera  were  retested  by  AO!).  Three  units  (0.26  )  were  HAA  positive 
and  55  (4.0  )  were  ant  i  comp  lementary .  'I  he  carrier  rate  in  this 
sample  was  2. 6 M 000  with  this  detection  method, 

1.  Because  of  the  increased  risk  of  transfusion  hepatitis 
in  hemodialysis  units,  i  program  was  initiated  •  f  routine  monthly 
test  ing  of  all  patients  and  employees  o  i  Ward  38,  Waller  Heed  General 
Hospital.  Between  1  April  1970  and  il  larch  1971,  2]  warn  personnel 
and  53  patients  were  tested  with  an  average  of  5.7  and  2.2  sera  each* 
respectively.  'I'wo  ward  personnel  (8.7  0  and  two  patients  (3.87)  were 
found  to  have  HAA,  In  each  case,  antigen  was  found  in  the  first 
serum  tested.  The  one  carrier  who  subsequently  became  HAA  negative 
did  not  have  detectable  anti -HAA  by  rY,  It  is  possible  that  more 
patients  would  have  been  found  HAA  positive  if  more  sera  had  been 
received  from  them. 
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Table  V- 


Comparative.  Laboratory  Findings  in  Family 
Members  with  Hepatitis 


HA  A  SCO  I’  T.  I!i  l  irubin 


P. 1 1'  i  flit 

GF 

ac;h 

Max  i  limn 

Va  l  tins 

Liver  Biopsy 

I  nl  ant  Mali; 
ill  wks ) 

1  : 1 

0 

4’lrtO  u/ml 

7.  )  nt«; 

Giant  cell  hepatitis 
portal  fibrosis 

M< > t  liar 

i  12  vn 

1  :  64-  1  r)6 

4 

if) 

0.8 

Resolving  acute 
liepat  i  t  i  s 

Si  st  or 

11  vn 

!  :  512-1024 

-f 

33 

0.3 

Resolving  acute 
hepat i t is 

Sister 
(14  vr ) 

1  :  16-12 

+ 

43 

1.4 

Chronic  hepatitis ; 
portal  fibrosis 

2U 
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V  Antigenic  Analysis  of  Dengue  Viruses. 

A,  Comparison  < > f  Denue-2  and  Dougn,-  1  Si  rains  by  Neutralization 
TVsts. 


The  oe currency  of  two  major  d*.n;*  o  up  i  kmics  in  the  Caribbean 
region  within  the.  past  decade  has  raised  important  questions  concerning 
the  existence  of  possible  geographic  variants  and  the  Geographic  origin 
of  the  epidemic  strains,.  The  lirst  disisue  vi  niM1;,  recovered  in  the 
Caribbean  region  were  Dengue.--  (DEN-2)  strain  tound  associated  with 
sporadic  disease  in  Trinidad  in  I  964.  More  recently,  DEN- 2  viruses 
were  recovered  on  multiple  occasion  from  patients  during  an  outbreak 
in  Jamaica  in  1969  and  during  the  1969  puerLo  Kico  epidemic.  Dengue-3 
(DKN-3)  strains  from  the  Caribbean  were,  first  isolated  during  the  dengue 
opi demit  tn  Puerto  Rico  in  1963  and  DEN- 3  virus  was  again  found  asso¬ 
ciated  with*  the  small  outbreak  in  Jamaica  in  1968.  The  low  mouse 
virulence  and  consequent  difficulties  in  isolating  the  DEN-3  strains 
responsible  for  the  I963-1%4  Caribbean  epidemic  provided  the  first 
observation  which  suggested  a  diliererne  between  Caribbean  and  Old 
World  strains. 

In  1964  epidemic  dengue  occurred  in  lahiti  and  was  found  to  be 
caused  by  a  dengue  virus  with  very  low  tmuise  virulence  (Rosen,  1967). 
Subsequent  identification  of  the  Tahiti  agent  as  a  DEN-3  strain  raised 
the  question  of  its  antigenic  relations!  i{  t  the.  Caribbean  DEN-3 
strain  and  to  contemporary  southeast  Asian  strains.  The  recent  recovery 
of  dengue  viruses  in  Africa  (Carey,  1971)  again  raised  the  question  of 
possible  strain  variation  related  to  geogrup' ic  origins.  In  the  hope 
that  subtypes  of  epidemiologic  significance  could  be  distinguished, 
we  compared  several  DEN-2  and  DEN-  ]  strains  from  the  Caribbean  with 
prototype  viruses  and  with  strains  Southeast  Asia,  Africa,  and  Tahiti. 

The.  strains  included  in  this  study  are  described  in  Table  25. 

The  TR-1751  and  the  M- 11234  strain  of  DEN- 2  were  obtained  from  Dr. 

Jordi  Casals.  The  Pr-6  strain,  a  mouse-adapted  DEN- 3  strain  from  the 
1963  Puerto  Rico  epidemic,  was  obtained  from  Dr.  (Diaries  Wisseman. 

The  J-1007  strain  was  re- isolated  in  this  laboratory  from  serum  pro¬ 
vided  by  Dr.  Arnoldo  Ventura.  The  Tahiti -4  strain  was  supplied  by 
Dr.  Leon  Rosen. 

Hyperimmune  mouse  ascitic  ilnid.s  were  prepared  against  the 
mouse- ad.ip  I  ed  strains  bv  a  modification  i  the  met  hod  of  Brandt. 

Ascites  was  induced  in  the  immunized  inic  i  the  use  of  sarcoma  180 
cells.  Human  convalescent  sera  were  obtained  mi  the  c  irse  of  epi¬ 
demiologic  studies  in  Puerto  Rico  and  oiiti.  K  r  these  studies  sera 

were  selected  from  patients  who  wor  ight  [•  have  had  a  primary  type 

antibody  response  to  the.  dengue  i  <»n.  Selection  was  made  on  the 


Table  25. 


Dos igna tion 

New  Guinea  C 

TR -1751 

PR- 109 

11-11234 

H-87 

21153 

Tali  i  ti-4 

TR-38 

PR -6 

J-  1007 


*  sm  -  suckling  mouse 
tc  -  t issue  m  I  lure 


Virus  Strains  Tested 


Origins l 

1  sola tion 

Year 

Location 

i944 

New  Guinea 

1954 

Trinidad 

1969 

Puerto  Rico 

1966 

Nigeria 

19% 

Ph i  1  ippines 

196  5 

Tha i land 

1964 

Tahiti 

196  3 

Puerto  Rico 

1963 

Puerto  Rico 

1968 

Jamai ca 

Passage 
Leve 1* 

Serotype 

sm-27 

DEN-2 

sm-  35 

DEN- 2 

sm-  5 

DEN- 2 

sm-27 

DEN- 2 

sm-26 

DEN-3 

sm-  10 

DEN- 3 

tc-  5 

DEN- 3 

tc-6 

DEN- 3 

sm-  14 

DEN- 3 

tc-6 

DEN-3 

passage. 

passage. 
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basis  of  absence  of  detectable  111  antibody  in  t  In  acute  phase  specimen 
and  a  rise  to  low  or  moderate  levels  (1  HO- ] ; 32D  in  the  convalescent 
specimen  obtained  twp  to  four  weeks  alter  onset  ol  illness.  The  con¬ 
valescent  sera  from  Tahitian  patients  was  supplied  by  Hr.  Leon  Rosen. 

Plaque  reduction  neutralization  tests  were  carried  out;  in 
LLC-MKj  Cell  cultures.  Tests  were  carried  >oi  in  i<J  ml  plastic  flasks 
Mull  con  Plastics,  Oxnard  California).  iVo-told  dilutions  if  immune 
ascitic  fluid  were  mixed  with  virus  and  incubated  at  2  5°  0  for  30 
minutes  prior  to  adsorpor t i on .  Ad’orptin  was  carried  out  at  37°  C  for 
one  hour.  Control  plaque  counts  were  between  30  and  100  piu/ flask. 
Fifty  per  cent  plaque  reduction  end  points  wore  estimated  b\  the  probit 
method . 


The  results  of  cross  neutralization  tests  with  the  Dengue- 2 
strains  are  shown  in  Table  2b.  The  neutralization  titers  in  each 
case  failed  to  show  any  marked  difference  between  the  Caribbean  and 
prototype  strains.  The  slightly  lower  (approximately  two-fold)  titers 
of  the  TR -1751  ascitic  fluid  and  Puerto  Rican  human  serum  against  the 
African  11-11234  strain  are  within  the  variation  expected  between  tests. 

DEN-3  strains.  The  neutralizing  antibody  titers  of  the  hyper¬ 
immune  ascitic  fluids  shown  in  Table  27  indicate,  that  the  PR-6  ascitic 
fluid,  a  1963  Caribbean  strain,  neutralized  the  Southeast  Asian  strains 
very  poorly.  Titers  against  H-87  and  21153  viruses  were  five-fold  or 
more  lower  than  the  titers  against  other  Caribbean  and  the  Tahitian 
strains.  With  the  11-87  and  21153  ascitic  fluids,  apparent  differences 
between  the  Asian  and  the  Caribbean  and  Tahitian  strains  are  much  less 
marked.  The  homologous  and  heterologous  titers  of  the  21153  ascitic 
fluid  vary  by  less  Mian  two- told.  the  n-hf  u.^itic  I  hud  has  somewhat 
lower  titers  (two  to  three- fold.)  against  the  Caribbean  strains , 

Results  with  human  convalescent  sera  as  shown  in  Table  28  confirm 
the  results  obtained  with  the  mouse  ascitic  fluids.  A  significant  dif¬ 
ference  is  again  apparent;  the  Puerto  Rican  sera  neutralize  the  South¬ 
east  Asian  strains  to  a  much  lower  titer  than  the  titers  against 
Caribbean  and  Tahitian  strains.  The  Tahitian  human  convalescent  sera, 
while  neutralizing  homologous  strains  and  Caribbean  strains,  fail  to 
neutralize  Southeast  Asian  strains. 


Tab le  26. 


Neutralizing  Antibody  Titers  of  Hyperimmune 
Mouse  Ascitic  Fluids  and  Human  Convalescent 
Serum  Against  Dengue- 2  Strains 


Mouse 

Asc it  i  c 

Fluids 

Human 

V  i  rus 

nc;  ( 

TR-  1751 

PR- 109 

Convalescent 
Puerto  Rico  1969 

NC  C 

1000* 

1700 

2000 

300 

TR-  1751 

1300 

1300 

1200 

200 

PR-  109 

2800 

1600 

1400 

4(0 

H- 11234 

1900 

600 

1200 

no 

*  Reciprocal  of  507  plaque  reduction  titer. 


Table  27. 

Neutralizing  Antibody  Titers  of  hyperimmune  Mouse 


Ascitic 

Fluids  Against 

Dengue- 3 

Strains 

Virus 

Ascitic  Fluids 

H-87  21153  PR-6 

H-87 

180* 

240 

70 

2  1 1  1j  3 

200 

420 

130 

PR-6 

50 

250 

>640 

PR -38 

80 

280 

>640 

J-  1007 

90 

230 

1100 

Tahiti -4 

100 

250 

>640 

-•'Reciprocal 

of  50%  plaque  reduction 

titer. 

Table  28 


Ncut  ra  1  i  /  1  u,'  At . !  i  ik  d 
Sera  Against  i  wr.i 


!  i  i  i  n  f  »M  .1  1  e.scen 1 
S i  r  i  i  n s  o i  Dengue  ) 


Puerto  Rican 


1  ah i t  i . 

i : i  Ser  in  - 

I 

Serum 

-  1963 

V  i  rus 

it) 4 

*  ib  ) 

«  in  ) 

YIi-6 

YB-4 

11-87 

* 

•70 

•  JO 

30 

<20 

2115) 

•  70 

•  JO 

JO 

40 

25 

l'K-6 

60 

M) 

tiO 

190 

50 

PR- 38 

50 

50 

10 

JJ0 

115 

J- 1007 

95 

150 

70 

180 

75 

Tahiti-4 

70 

150 

50 

200 

100 

Reciprocal  of  507  plaque  reduction  titer. 
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Discuss  ion . 


The  above  neutralization  tests  indicate  that  the  DEN-2  strains 
from  Southeast  Asia,  Africa,  and  the  Caribbean  form  a  relatively  homo¬ 
genous  antigenic  group.  This  is  consistent  with  other  observations 
that  all  DEN- 2  strains  are  readily  adapted  to  suckling  mice  and  grow 
readily  in  several  cell  culture  systems.  Southeast  Asian  and  Caribbean 
DEN-2  strains  ire  similar  in  that  both  exhibit  a  high  degree  of  plaque 
size  variation  when  freshly  isolated  strains  are  tested  in  LLC-MK2 
cell  cultures.  It,  therefore,  appears  impossible  to  determine  by 
these  methods  whether  the  1969  epidemic  of  DEN-2  in  the  Caribbean  was 
caused  bv  an  endemic  strain  which  persisted  since  1954  or  by  a  strain 
of  DEN-2  introduced  from  another  region. 

The  observations  on  the  DEN-3  strains  are  quite  different  from 
those  seen  with  DEN-2  and  clearly  indicate  that  the  Caribbean  and 
Tahitian  strains  of  DEN-3  form  a  distinct  antigenic  subtype.  Con¬ 
tinued  r 1 ussi f ical ion  of  these  strains  as  Dengue-3  appears  justified 
since  t ho  neutralization  of  Caribbean  and  Tahitian  strain  by  antisera 
to  the  Southeast  Asian  strains  is  so  close  to  homologous  titers.  Of 
considerable  interest  is  the  fact  that  differentiation  of  this  subtype 
by  neutralization  tests  appears  to  correlate  with  the  biologic  marker 
of  low  virulence  for  suckling  mice. 

The  recovery  of  the  Caribbean  subtype  in  Jamaica  in  1968  suggests 
that  this  subtype  lias  remained  endemic  in  the  Caribbean  region  since 
at  Least  1963.  The  origin  of  the  Tahiti  strain  remains  obscure  but 
it  appears  unlikely  that  it  was  introduced  from  Southeast  Asia.  The 
very  low  neutralizing  antibody  titers  of  the  Tahitian  and  Puerto  Rican 
patients  to  the  Southeast  Asian  strains  raises  the  question  of  their 
susceptibility  to  infection  with  strains  similar  to  the  H-87  prototype. 
It  appears  possible  that  the  Tahitiars  may  remain  susceptible  to 
infection  with  the  Southeast  Asian  DEN-3  even  though  irmune  to  the 
Car ibbean-Tahi t  ian  subtype. 
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B.  Separation  of  Dengue  Strains  on  the  Basis  of  a  Nous tructural  Antigen. 

Accurate  characterization  of  intratvpic  strain  variations  within 
the  dengue  virus  serotypes  is  critical  i  ir  unders tand i ng  of  the 
pattern  of  epidemics  ol  dengue  and  dene  te  huniorrhag i c  fever.  The 
ability  to  positively  identity  subtypes  could  provi  ;e  clues  as  to  the 
origin  of  newly  introduced  epidemic  strains  or  possibly  indicate  changes 
in  the  nature  of  endemic  strains.  intraiypic  strains  have  been  exten¬ 
sively  studied  using  serologic  techniques,  primarily,  complement- 
fixation.  The  significance  of  these  tests  has  been  obscured  by  the  use 
of  antigen  preparations  which  contained  a  mixture  of  structural  and 
nons true t ura 1  antigens  in  both  natural  and  degraded  states,  as  shown  in 
previous  annual  reports. 

Attempts  to  differentiate  strains  hv  plaque  reduction  neutraliza¬ 
tion  have  provided  results  which  have  led  to  differences  of  opinion  as 
to  whether  these  strains  could  or  coult  not  he  separated.  ihese  dif¬ 
ferences  of  opinion  are  based  upon  the  interpretation  of  observed 
data  and  may  be  due  to  the  inherent  variability  in  such  tests  when 
unpurified  reagents  are  used. 

Antigenic  analysis  of  purified  antigens  offers  many  theoretical 
and  practical  advantages  over  the  standard  systems.  The  four  dengue 
serotypes  have  been  separated  on  the  basis  of  a  purified  soluble 
comp  lemon t- fixing  (SCF)  antigen  bv  Ouchterlonv  immunodiffusion  methods. 
Subsequently,  the  SCF  antigens  ol  the  four  dengue  serotypes  were 
separated  biophysical ly  by  disc  gel  electrophoresis.  In  the  following 
experiments,  this  combination  of  biophysical  and  serological  analysis 
was  applied  to  the  problem  of  intratypic  strain  variation.  Two  strains 
of  dengue- 1  (TH-Sman  and  Hawaii)  were  chosen  to  illustrate  the  useful¬ 
ness  of  this  approach. 

Materials  and  Methods 

Viruses.  Mouse  adapted  prototype  strains  of  Dengue-1  (Hawaii  and 
TH-Sman)  and  Dengue  2  (New  Guinea  C  and  TH-Jb)  were  obtained  from 
Dr.  William  McD.  Hammon,  University  of  Pittsburgh;  these  strains  had 
undergone  purification  by  terminal  dilution  in  suckling  mice. 

Immune  ascitic  fluids.  The  antibody  source  for  each  strain  was 
hyperimmune  ascitic  fluids  prepared  in  adult  female  mice  as  previously 
described.  The  immunogens  in  each  case  were  20/  suspensions  of  infected 
suckling  mouse  brain. 

Puritication  of  SCF  Antigens.  The  SCF  antigens  were  prepared  from 
each  strain  of  dengue  virus  by  methods  in  previous  annual  reports. 
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Briefly,  suckling  mice.  wen  inoculated  in  t racerebra 1 ly  and  virus- 
infected  brains  were  h innate*  wh*-n  the  mice  became  moribund.  Their 
brains  were  h<  siogon  i  n>d  nM)  w'v>  in  0.02  M  Tris-HCl  buffer  at 
pH  7.2.  The.>e  .  us  pi1;:  s  i  oils  wriv  claririe.il  by  precipitation  of  excess 
brain  tissue  with  2  r,.  H  preramin**  suit  ate  and  by  centrifugation  at 
9000  X  c;  for  JO  'nim.tr.*  nice  trituration  of  the  supernatant  at 
78,000  X  (I  tor  threr  hours  ivrmvrd  all  detectable  hemagglut inat ing 
viral  antigens.  The  S. i  anti  <n  wu  then  precipitated  from  the 
resulting  u  1  t  rncon  t  r  l  t  age  ..uper..atant  with  60/  ammonium  sulfate.  The 
SCF  antigen  was  re  ;usne:uled  in  lri^-H('l  buffer  and  applied  to  a 
5  X  80  cm  Sephadex  G- loo  column.  Filtration  was  carried  out  in  0.02M 
phosphate-bu  i  n.re.d  ;ali».r  it  pH  ",  .  Fractions  containing  the  SCF 
antigens  were  poe  1 t  1  i::d  cetua  a l rat  e.l  in  pressure  dialysis. 

Comp lenient - t i .  a l  i  >n  (CF <  tests.  ti  tests  were  carried  out  by  a 
microtiter  modific.iii  >u  a  net  lied.*  described  by  Kent  and  Fife, 

Department  ot  Son  I  ,  CKAIR.  In  block  Cf  tests,  master  dilution  sets 
of  antigens  and  .mill),  li  a  were  prepared  bv  pipette  in  tubes  before  they 
were  added  to  the  microiiter  plates. 

I  mmunod  i  1  t  us  nn  ir  *  .  Oeehn  rloir  plates  were  prepared  by.  using 

1.07  agarose  in  0.02  M  'lris-b  tiered  saline,  pH  8.2,  in  plastic  petri 
dishes  ts  described  in  previous  mnual  reports.  Before  use  in  immuno¬ 
diffusion  tests,  ami  gen  and  .mtibodv  preparation  were  diluted  to  a 
uniform  CF  titer  ot  l  :  bA  , 

Disc  gel  e 1 ec  t  r op bores i s  .  Acr\  l  amide  monomer  and  N,  N1 -methy lene- 
bis-acry lamide.  wore  r eervs r  a  1  1  i '.ed  tron:  icetone.  The  desired  con¬ 
centration  ot  polva^rvl  midi*  was  prepared  bv  dilution  of  a  307o  acryla¬ 
mide  monomer  and  l  h i s - at rv l an ide  stock.  Stacking  took  place  at 
pH  7.  i  and  separation  a:  pH  o.  >  (Hedrick  and  Smith,  1968),  Individual 
SCF  antigens  <r  ;i\ed  ;  iir  aa  .  I  ec  t  rophoresed  at  5  ma/tube#  At  the 
end  ot  each  tarn  the  run  the  h  were  sliced  transversely  on  razor 
blades  with  hum  space!  n  eluted  in  saline  and  tested  for  CF  activity  and 
compared  by  t  lie  i  r  mobilities  relative  to  the  dye  front. 

Results. 

[mmunod  i  i  t  u  ■  i  q;  .  A.  .-spec  ted,  t  he  Dengue- 1  strains  could  be 
differentiated  trom  the  Dei  -ue-2  strains  in  (V.chterlony  plates  by  spur 
formation  (Annual  kep  rt  .  Ib/Oi,  The  strains  within  each  serotype, 
however,  could  not  he  d  i  t  « erent  i  a*  d  t  r  >m  each  other  by  immunodiffusion. 
As  specifically  il  Inserted,  rhe  iv  Dengue- l  strains  (TH-Sman  and 
Hawaii)  formed  *  •;>  -u  id  ent  t  >  Dengue-2  Mow  Guinea  C)  in  the 

presence  of  Dengue- 1  .ml  ibo«h  ,  hut,  when  adjacent  to  each  other,  their 
precipitin  lines  f  isod  without  spurt  ing  (Fig.  6).  Similar  relationships 
existed  when  the  F>nuu'-d  (rains  were  compared  with  the  Dengue-1 
strains  in  the  p r *  mmu  > !  Dn  ue-2  mtihndy  (Fig.  6). 
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Figure  6  am  of  ij;i.,»jr»opr«cipitcttion  ’  r  s turns  of  r*enyn;e-l 

(Hawaii  H-dman)  end  dengue- 2  (New  <;uin*f  C  7H-36)®  The  3CF 

antigens  are  ir/niig*ct  in  the  peripheral  w*llc  t'  -**r. onstrate  honolo- 
govs  anuhetero Loyous  r*c*ct lor.r • 

A.  Hawaii  (HA.*.1)  ana  TU^nan  (TH-ii rv)  JCF  -Mit^j«rs  compared  with  each 
ether  nd  wit)-  tve  !!ew  Guinea  C  (M^C)  sf Min  oJ.  ooj,cp;e-2  wher.  they 
are  reacted  with  anti-h>weii  in  the  ccr.ter  w^ll, 

P*  New  ('uinea  C  and  lH-36  JCF  antigens  coin?  a  red  \.rit  b  each  other  and 
with  the  Hawaii  strain  of  dengue-1  when  they  <-  *  re*ct*d  with  anti- 
N«w  C'Uin*»i  C  in  th*  corter  well. 
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Comp  lenient  -  t  ix  at  ion.  Comparisons  of  strains  within  dengue  sero- 
i v p t ■  s  1  and  J  wore  carried  o  it  hv  (1  tests  on  block  titrations  of 
antibodies  and  antigens.  Whe.n  tvpe  1  strains  were  compared,  the  homo¬ 
logous  strain  block  patterns  were  identical  (Fig.  7).  The  block 
pattern  o  t"  t  i-  etuin  antigen  and  anti-Hawaii  differed  only  slightly  from 
t  he  her*  I  >,  n  riM.t  i  r.s  m  shape  hut  not  in  Lotal  size.  A  signifi¬ 
cant  diiierencr  in  i'K  in  !  .shape  was  observed  only  when  the  Hawaii  SCF 
antigen  was  t.  led  in  the  presence  !  i  n  t  i  -  fit-  Sman .  The  block  com¬ 
parisons  ,  i  the  i)eiu,;n-.-J  strains  i  Now  Guinea  C  and  TH-J6)  were  essen¬ 
tial  I  v  identical  i;  ill  jnjnb  i  no  t  ions  if  ig. 

Disc  gt  1  electropin  resis.  Preliminary  experiments  were  carried 
out  bv  using  70  mm  long  separating  gels,  previously  shown  to  separate 
SCI*  antigens  ot  the  foul*  major  dengue  serotypes  (Annual  Report,  1970). 
L'nder  these  conditions.  however  theta  was  no  difference  in  mobility 
hotweet  New  Guinea  f  and  TH-  16  i|)engue-J  strains)  or  between  Hawaii  and 
TH-Sman  i Dengue- l  straii  )  M’l  antigens.  in  order  to  maximize  the  sepa¬ 
ration  of  molecules  with  very  dost  Iv  related  molecular  sizes  and/or 
charges,  a  separating  y  t  1  f  ID  p  *  1  vacrv  lamide  150  mm  in  length  was 
employed.  Under  these  conditions,  Hawaii  and  Hl-Sman  had  different 
relative  mobilities  when  they  were  electrophoresed  either  separately  or 
together  (Fig.  8).  In  contrast,  the  SCF  antigens  of  New  Guinea  C  and 
TH- 16  could  not  he  st  panted  when  thcv  were  electrophoresed  under  the 
same  conditions  (Fig.  9  . 

Discussion. 


In  1945  Sabin  reported  cross  challenge  experiments  in  man  using 
dengue  viruses  t  rom  Hawaii  and  New  Guinea  which  resulted  in  the  desig¬ 
nation  ot  the  first  two  dengue  serotypes.  in  1956  two  more  viruses 
were  isolated  in  the  Philippines  which  were  an t igen ical ly  related  to 
Ivpes  1  and  2  hut  cicuriv  d l st i ngu i shah le  t rom  them  by  both  complement- 
fixation  and  neutralization  (  Hammon  ,  ot  al,  I960).  These  two  isolates 
were  designated  dengue  Type  3  and  Ivpe  4.  The  1958  dengue  hemorrhagic 
fever  epidemic  in  Bangkok  produced  another  pair  of  isolates,  TH-Sman 
and  HI- 36,  which  were  proposed  as  separate  serotypes  based  upon  small 
nut  reproducible  differences  observed  by  comp  iemen t- f ixat ion  utilizing 
selected  human  mtisera  and  mouse  brain  derived  antigens  (Hammon  and 
Sather,  1964  .  Subsequently,  evidence  of  strain  variation  was  presented 
based  on  plaque  t*i  !iicti>»n  neut  ra  l  i  za  t  i  on  and  immunoprec  ipitation  on  the 
sane  mouse  brain  passage  virus  (Ibrahim  and  Hammon,  Ibrahim,  et  al,  1968). 
Cross  neut ra 1 i zat i on  in  ether  laboratories  using  mouse  and  monkey 
antisera,  however,  tailed  to  clearly  d  i  f f erent ia te  between  TH-Sman  and 
Hawaii  (Type  l)  or  between  Hi- 16  and  New  Guinea  C  (Type  2)  (Russell  and 
Nisalak,  lc>67).  Further,  cross  challenge  in  mice  failed  to  reveal 
intratypic  variati  »n  (W.  McD.  Hammon ,  personal  communication).  These 
discrepancies  between  the  various  studies  illustrate  the  problems  of 
serotvping  dengue  strains  before  puriiied  antigens  became  available  for 
antigenic  and  hiophvsic.il  analysis. 
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RECIPROCAL  DILUTION  OF  IMMUNE  ASCITIC  FLUIOS 


New  Guinto  C  TH-  36 


Figure  7.  Cron  coni-d «i.ient-f ixation  testa  on  A.  dengve-J  strains 
(.iawaii  and  3i-dnen)  and  dengue-2  strains  (New  Ouinea  C  and  TO-36). 
Hortioloyoua  strain  reactions  are  shaded. 
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Immunological  and  biophysical  analysis  of  a  partially  purified 
viral  antigen  provides  an  opportunity  to  investigate  intratypic  strain 
variation  at  a  molecular  level.  The  SCF  antigen  used  in  the  above 
experiments  has  been  found  to  be  a  major  CF  antigen  in  dengue  infected 
cells  (Annual  Report ,  1969).  The  SCF  antigen  of  each  serotype  has  both 
a  tvpe  and  group  specific  antigenic  determinate  and  can  be  separated 
from  the  SCF  antigins  of  other  serotypes  bv  immunodiffusion  and  disc 
gel  electrophoresis  (Annual  Report,  1970).  Antibodies  against  SCF 
do  not  bind  to  or  neutralize  the  virion  and  purified  SCF  does  not  block 
antibodies  which  neutralize  the  virus.  This  and  other  evidence  indi¬ 
cates  that  SCF  is  a  tvpe  specific  nonstruc tura l  antigen  (i.e.,  SCF  is 
not  in  or  on  t  ho  virion)  (Annual  Report,  1970).  It  has  an  estimated 
molecular  weight  of  39,000  daltons  and  assuming  that  it  is  in-toto  a 
polvpeptido,  SCF  theoretically  accounts  for  10-15.  of  the  dengue  genome. 
The  functional  significance  of  the  antigen  is  not  known. 

The  SCF  antigens  of  TH-36  and  New  Guinea  (Dengue-2  strains)  could 
not  be  separated  bv  anv  of  the  three  methods  utilized  in  these  experi¬ 
ments.  This  indicates  that  either  the  molecules  are  identical  or  the 
difterence  is  below  the  resolution  of  the  techniques  used.  While  no 
separation  of  SCF  antigens  was  achieved,  other  portions  of  the  genome 
may  well  contain  differences  which  are  responsible  for  the  serological 
separations  reported  bv  Hammon.  The  di  f ferent ia t ion  ,  however,  is  probably 
not  based  upon  the  SCF  antigens  of  the  two  strains. 

When  the  purified  SCF  antigens  of  Hawaii  and  TH-Sman  (Dengue-1 
strains  were  compared  by  immunodiffusion,  a  single  line  (identity)  was 
observed.  The  CF  block  patterns  were  virtually  identical  when  anti- 
Hawaii  was  reacted  in  the  presence  of  TH-Sman  and  Hawaii  SCF  antigens. 
Small,  hut  probabk  significant  CF  block  differences  between  TH-Sman 
and  Hawaii  were  observed  only  when  anti-Sman  was  used  as  the  antibody. 

This  serological  differentiation  suggests  that  both  the  type  specific 
and  group  sped  t  ic  determinates  of  the  two  strains  are  so  closely  re¬ 
lated  that  they  can  be  distinguished  only  by  tests  which  indicate  a 
difference  in  relative  inti  body  avidity. 

The  above  interpretation  is  reinforced  by  the  biophysical  separation 
of  the  antigens  bv  disc  gel  electrophoresis.  When  e lec trophoresed 
independently,  TH-Sman  and  Hawaii  migrated  as  single  peaks  with  slightly 
different  mobilities.  When  they  were  co-electrophorcsed  in  the  same 
gel,  a  hi  modal  peak  of  CF  activitv  was  observed,  confirming  that  the 
two  antigens  have  different  relative  mobilities.  These  data  are  con¬ 
sistent  with  the  CF  results  and  indicate  that  the  SCF  antigens  of 
TH-Sman  and  Huwui i  contain  minor  differences  in  amino  acid  sequence 
and/or  conformation  resulting  in  differences  in  the  size,  shape  and/or 
charge  of  their  respective  molecules.  Since  SCF  is  a  major  CF  antigen 
in  dengue  infected  mouse,  brain,  these  subtle  differences  in  the  SCF 


molecules  of  TH-Sman  and  Hawaii  may  be  sufficient  to  account  for  the 
original  separation  of  the  two  Dengue-1  strains.  Molecular  variation 
in  SCF,  however,  would  not  necessarily  be  associated  with  differences 
in  L lie  coat  antigens  of  the  virions  and  thus,  could  account  for  the 
difficulties  experienced  in  separating  the  two  dengue- 1  strains  on  the 
basis  of  neutralization  tests. 

The  nonvirion  SCF  antigen  of  dengue  viruses  does  not  elicit  the 
formation  of  neutralizing  antibodies  and  would  presumably  have  no  pro¬ 
tective  effect  against  secondary  infection.  Variation  in  the  SCF 
molecule,  therefore,  should  have  no  effect  on  the  natural  selection 
of  dengue  strains  through  immunization  of  the  population  at  risk. 

However,  a  nons tructural  component,  such  as  an  enzyme,  could  provide 
a  biologic  advantage  within  primate  or  insect  cells.  Variations  in 
the  SCF  molecule  could,  therefore,  still  have  selective  value  within 
certain  types  of  host  cells,  but  this  theoretical  advantage  must  await 
elucidation  of  the  function  of  SCF.  The  concept  of  classification  of 
viruses  solely  on  the  basis  of  the  properties  of  their  virions  appears 
to  be  inadequate  for  considering  intratypic  variation  in  Dengue- 1.  At 
least  one  pair  of  Dengue- 1  strains  (TH-Sman  and  Hawaii)  can  be  sepa¬ 
rated  on  the  basis  of  a  nonstruc tural  antigen.  Nonstructural  cpmponents 
are  clearly  taxonomically  important  in  this  case  and  must  be  considered 
in  any  classification  based  on  serological  characteristics. 


VI.  Structure  and  Morphogenesis  of  Arboviruses. 

A.  The  Proteins  of  Japanese  Encephalitis  Virus. 

Knowledge  of  the  molecular  structure  of  Japanese  encephalitis 
virus  (JEV)  and  related  group  B  arboviruses  is  limited,  with  very  little 
known  concerning  the  events  leading  to  the  formation  of  mature  virions. 
Particulate  antigens  produced  during  JEV  infection  are  heterogeneous  and 
the  relationship  of  subviral  particles,  such  as  the  slowly  sedimenting 
hemagglutinin  (SHA)  ,  to  the  morphogenesis  of  the  virion  remains  unexplained. 
Studies  of  the  polypeptides  of  the  related  viruses,  dengue  (Stollar,  1969), 
St.  Louis  encephalitis  (SLE)  (Trent,  et  al.,  1969),  and  Kunjin  (Westaway 
and  Rr.edman,  1969)  ,  have  resulted  in  unresolved  differences  on  such  matters 
as  the  composition  of  viral  cores  and  the  number  of  virion  polypeptides. 

A  comprehensive  study  of  at  least  one  group  B  virus  system  will  be  re¬ 
quired  to  fully  understand  the  biology  of  the  group. 

An  initial  step  toward  providing  a  complete  explanation  of  the 
morphogenesis  and  antigenic  composition  is  the  identification  and  compari¬ 
son  of  polypeptides  present  in  the  virion,  in  subviral  particles  and  in 
virus  infected  cells.  In  this  paper  we  report  the  polypeptide  composition 
of  the  JEV  virion,  core,  slowly  sedimenting  hemagglutinin  and  the  intra¬ 
cellular  virus  specified  proteins. 
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Preparation  of  Japanese  encephalitis  virus  (JEV) . 


The  virus  used  was  JEV  strain  Ml/311,  mouse  passage  27,  origi¬ 
nally  isolated  from  Culex  tr itaeniorhynchus  in  Japan.  The  seed  virus 
consisted  of  a  207o  infected  suckling  mouse  brain  suspension  in  saline 
containing  47  bovine  plasma  albumin.  Monolayers  of  LLC-MK2  cells  in  32  oz 
bottles  were  grown  in  medium  199  containing  201  heat- inactivated  fetal 
bovine  serum  (FBS),  penicillin  (100  u/ml)  and  streptomycin  (100  ug/ml) 
(complete  199).  Cell  cultures  were  infected  with  3  ml  of  stock  virus 
diluted  in  complete  199  containing  0.15%  sodium  bicarbonate  at  a  multi¬ 
plicity  of  infection  (MOI)  greater  than  10.  After  adsorption  for  60  to 
90  minutes,  27  ml  of  medium  199  lacking  amino  acids  and  serum  (minimal 
199)  was  added  and  the  bottles  incubated  at  36°C.  To  prepare  radio¬ 
active  virus  either:  1.  ^H-amino  acids;  2.  ^H-uridine;  or  3.  ^C- 
amino  acids;  or  4.  2+3  (all  generally  labeled  and  from  New  England 
Nuclear)  was  added  to  final  activities  ranging  from  6  to  12  microcuries 
per  ml.  The  pH  was  adjusted  to  approximately  7.3  with  bicarbonate  when 
necessary.  Culture  fluids  were  harvested  40  hours  after  infection  and 
clarified  at  2000  rpm  for  10  minutes,  then  at  10,000  rpm  for  50  minutes. 
The  virus  was  then  pelleted  by  centrifugation  at  25,000  rpm  for  three 
hours,  and  usually  resuspended  in  0.02  M  Tris  (hydroxymethyl)  amino- 
methane  (Tris),  0.15  M  NaCl,  0.001  M  EDTA,  pH  8.7  (called  TNE,  pH  8.7). 

The  virus  suspension  was  sonicated  by  two  one-minute  cycles  in  a  10-kc 
Raytheon  Sonic  Oscillator  and  then  sedimented  through  a  sucrose  gradient 
(see  below).  When  virus  was  grown  in  chick  cells,  the  same,  procedures 
were  used, 


Preparation  of  JEV-infected  cell  extracts. 

1.  Cvcloheximide  pulsed  cells.  At  various  times  after  infection 
chick  cells  were  pu Ised- inhibi ted  with  cycloheximide  in  the  presence  of 
actinomycin  D,  shown  schematically  in  the  following  columns,  where  x  is 
defined  as  the  time  (hours  after  infection)  at  which  cycloheximide  was 
added : 

Time  after 
infection  (hours) 

0 

x  -  9 
x 

x  +  0. 5 

x  +  1 
x  +  5 


Operation _ 

infected 

actinomycin  added 
cycloheximide  added 
cycloheximide  removed; 

actinomycin  D  re-added 
isotope  added 
cells  dissolved  in  SLS 


When  actinomycin  D  addition,  at  x  -  9  hours,  occurred  prior  to  infection, 
the  drug  was  removed  throughout  adsorption  and  re-added  after  adsorption. 


Specifically,  chirk  embryo  cells  wt  r  prepared  from  >  to  11  dny- 
old  embryos  and  grown  in  30  cm"  plastic  Falcon  tissue  culture,  flasks  in 
O.57o  lactalbumin  hydrolysate  met!  'am  supplemented  with  5 )  IBS  and  0.07")/ 
sodium  bicarbonate.  The  cells  were  washed  once  with  Hank’s  balanced  salt 
solution  (HBSS),  and  infected  with  0.2  ml  virus  diluted  in  complete  100  + 
bicarbonate  (M01  greater  than  All.  Following  adsorption  for  00  to  00 
minutes  at  36°C,  the  cell  monolayers  were  washed  with  5  ml  of  HBSS  and 
then  0.5  ml  com])  1  etc  100  a-  4.5  ml  minimal  199  was  added.  At  the  appro¬ 
priate  time  (>.  -  9  hours)  0.1  ml  of  ac  t  inomyc  ’  n  0  (50  micrograms  per  ml) 
was  added  to  the  cells  which  were  then  protected  from  light.  At  the 
indicated  time  <  x  hours  >  In  Figure  12a,  0.3  ml  <  f  c vc lohexini dc*  (5  ngn/ml ) 
was  added.  The  pulse  was  terminated  after  10  minutes  (x  +  0.5  hr  j  by 
washing  the  cells  four  tim.:^  with  3  ml  of  minimal  199  and  then  adding 
0.5  ml  complete  199,  4 .  3  ml  ,  t  minimal  199  and  act  inomyc  in  i).  Thirl  v 
minutes  later  fx  -4  1  hr)  0.1  ml  of  ^H-amino  acid  mixture  (100  micro¬ 
curies/ml)  was  added.  After  four  hours  (x  A  3  hr)  the  cell  mono  1  avers 
were  washed  three  times  with  5  ml  saline;  1  ml  of  0.01  M  phosphate, 
pH  7,3,  containing  1"/  sodium  lauryl  sulfate  (SLS^  was  then  added.  Ali¬ 
quots  of  0.1  ml  were  taken  for  determination  of  protein  concentration 
(Lowry,  et  al.,  1951  and  ac  id- insoluble  radioactivity.  One-tenth  volume 
of  107  2-mercaptoethanol  f-Z-MF)  was  added  and  the  viscous  extracts  wore 
heated  at  95°C  for  10  minutes,  after  which  they  were  not  notably  viscous. 
Unless  otherwise  indicated,  the  samples  were  dialvzed  against  at  least  200 
volumes  of  0,01  M  phosphate,  0.17  SIS,  and  0.02/  sodium  azide  at  room 
temperature  for  13  tx  36  hours  prior  to  polyacrylamide  gel  electropho¬ 
resis  (PAGE)  described  below.  Extracts  of  uninfected  cells  were  prepared 
in  an  identical  manner  except  that  no  virus  was  present  at  the  time  of 
mock-infection. 

2.  Noncyc 1 oh ex i mi dc- treated  extracts. 

Chick  cells  were  infected  as  described  above.  Actinomycin  D 
(final  concentration  1  ug/ml )  was  added  nine  hours  after  infection  and 
^H-amino  acids  were  added  19  hours  after  infection.  At  23  hours  the 
cells  were  washed  three  times  with  saline  and  then  1  ml  of  27  NP  40  in 
RSB  (0,01  M  NaCl  ,  0.0013  M  MgCl2,  0.01  M  Tris,  pH  7.4)  was  added.  The 
cells  were  allowed  to  swell  for  10  minutes  at  room  temperature  with 
gentle  rocking  of  the  flasks  scraped  into  the  buffer  with  a  pasteur 
pipette,  and  disrupted  with  20  strokes  by  the  tight  fitting  pestle  in  a 
small  Dounce  Lomogeni zer .  The  material  was  clarified  at  2000  rpm  for 
two  minutes  in  an  1EC  PR-6  centrifuge,  dialyzed  overnight  against  250 
volumes  of  0,02  M  Tris,  0.15  M  NaCl ,  pH  8.1  at  4°C  and  then  frozen  at 
-20°C.  It  was  further  clarified  in  a  Beckman  152  Microtuge  at  15,000 
rpm  for  five  minutes  just  before  use  in  radioimmune  precipitation  (RIP). 

To  the  appropriate  fractions  obtained  after  RIP  1/10  volume  of  107  SLS 
and  1/10  volume  of  107,  2-mercaptoethanol  were  ad  led  and  then  the 
material  was  heated  and  dialyzed  as  above.  Extracts  of  uninfected  cells 
were  treated  identically  except  for  mock- infec t ion . 


Preparation  of  radioactive  Sindbls  virus. 


The  procedures  used  were  similar  to  those  employed  for  JEV. 
Confluent  monolayers  of  chick  embryo  cells  in  32  oz.  bottles  were  prepared 
and  infected  with  AR339  strain  of  Slndbls  virus  at  36°C  at  an  MOI  greater 
than  10.  After  adsorption  for  one  hour,  medium  and  isotope  were  added. 

The  culture  fluids  were  harvested  12  hours  after  infection,  clarified 
and  pelleted  as  described  for  JEV.  The  virus  was  purified  on  a  linear 
5*407.  sucrose  gradient  in  TNE  buffer,  pH  7.6,  at  25,000  rpm  for  2.5  hours 
at  4°C  in  the  Spinco  25.1  rotor.  To  the  appropriate  fractions  1/10 
volume  of  107.  2-mercaptoethanol  and  10%  SLS  were  added  and  then  the 
material  was  treated  as  described  above. 

Plaque  assay  of  JEV. 

Confluent  monolayers  of  chick  embryo  cells  were  infected 
with  JEV.  After  adsorption,  they  were  overlaid  with  7  ml  of  media  con¬ 
taining  0.87.  agaroso.  Hank's  balanced  salt  solution,  0.57.  lactalbumln 
hydrolysate,  0.1  Yea  tolate,  2  mM  glutamine,  57.  FBS,  0.37.  NaHC03,  and 
antibiotics.  On  the  hird  day  of  incubation  at  36°C,  5  ml  of  a  second 
overlay  medium  consisting  of  47.  of  1:300  neutral  red  solution  (pibco). 
Hank's  balanced  salt  solution  and  0.8%  agarose  were  added.  After  in¬ 
cubation  at  36°C  for  two  hours  the  cells  were  left  at  room  temperature 
overnight;  plaques  were  counted  the  next  day. 

Sucrose  gradients. 

All  sucrose  gradients  ware  linear,  preformed  with  a  mixing 
chamber  and  prepared  with  rlbonuc lease-free  sucrose.  For  large  volumea, 
2.5-3  ml  samples  were  applied  to  27  ml  gradients  and  the  tubes  were 
centrifuged  at  25,000  rpm  in  the  Spinco  25.1  rotor  for  three  hours 
unless  otherwise  indicated.  For  small  volumes,  0.25  ml  samples  were 
applied  to  4.8  ml  gradients  and  the  tubes  were  centrifuged  at  50,000 
rpm  in  the  Spinco  SW-50L  rotor  for  35  minutes  unless  otherwise  indi¬ 
cated. 


For  isopycnic  runs,  0.5  ml  samples  were  applied  to  4.6  ml 
gradients  of  20-707.  sucrose  in  deuterium  oxide  (D2O)  and  centrifuged 
at  65,000  rpm  in  the  Spinco  SW-65  rotor  for  at  least  4.5  hours.  In  a 
similar  system  it  is  known  that  a  200S  particle  of  density  1.26,  after 
centrifugation  at  47,000  rpm  for  four  hours,  was  at  equilibrium. 
Density  was  determined  by  direct  weighing  of  ice-cold  0.05  ml  aliquots 
of  each  fraction. 

Fractions  from  all  gradients  ware  collected  dropwlse  from 
the  bottom  of  the  tube.  One  ml  of  NCS  (Amarsham  Searle)  was  added  to 
0.1  ml  aliquots  of  radioactive  fractions  In  scintillation  vials,  the 
mixture  shaken,  and  then  10  ml  of  Liquifluor  diluted  in  toluene  as 
reconvnended  was  added.  Samples  were  counted  in  a  Packard  Tri-Carb 
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scintillation  count  or.  I  lie  channels  wore  st  t  i*.  i-xciudr  hi  iron.  tkh 
and  to  allow  for  3/  spillover  Iron  to  ^il. 

Assay  i  n  homage  1  uMt  i  in  t  ion  ^tiA;  and  comp  1  oi  lent  -  t  i  xa  t  m  u)K  ;  . 

HA  and  ri  was  measured  by  mien  Liter  rKuiii  jrat  i,)ii  >t  t  he 
techiquo  used  in  tin*  ,<r|  irt’m  »!  ot  .Nerulog)  (previous  Annuai  F*port  . 

Po  1  yacjry  \  tm i<b  j  1  c  1  ec  t  n  |duare£  i  s  . 

(*o:i  (i  u  •*  i  m  .  1  i  .  1  :,I ;  n  1  .  «u;  r  v  :  i  .  »h  «  1  »■  i ..  *  *  r  ;  ’  r  i  s 

(PACK)  was  port  anu  J  «*  < .  .  r.t  i  .i !  !  /  according  to  Mji/cI  i  Mai  z  t  1,  1  f(  *m  . 
Acrylamide  and  fl.  N'-bi  met :  y  1  cue  ar  ry  1  amidi  v.vre  jurcba*  •  <: .  water  washcc 
from  (anal  co  and  i*e  r\  tulli/c^  t  rt-r  acetone.  A  ,  t  *ck  >t  Intien  »  ;  i  ( > 
acrylamide  an  1  1 bi  ‘..jj-  prepared  and  diluted  appr  priatt  !v.  gels  were 
87,  acrylamide  ui  less  f  h*  rwi  *  indicated.  'Me  I M  pho  ;>hate  but:  r  .stock 
was  composed  of  (ptr  liters  I'd  gm  Na  >MPO^  .  38.  t  gm  NaihPtw^  hj<)  and 

0,2  gm  NaNj.  A  Buchler  PMvanalyst  apparatu  i!i  id'b  r  Instruments)  was 
employed.  The  gr  Is  (7  x  0,  un)  were  polymer iz  <’  and  eU  t  ronhoresod 
while  immersed  in  water  at  t  n  temperature.  t  Ivcerol  (0.05  ml*  and 
saturated  bromphcnvl  blue  solution  (0.0 1  ml)  wire  added  to  0.?5  ml  oi 
the  sample  (usual  i  pre|  are!  n  described  for  preparation  m  inn  (tee 
cell  extracts),  .  n  '  i  tin  mi  >■  Lure  was  usually  applied,  fleet  r  op  I 
resis  was  performed  .it  ~»0  v<dl‘  lor  the  first  I’ve  minutes,  then  at  60 
vo  1  i  s  uni  Li  t  lu  dye.  train  migiuied  about  6  in;  tins  usually  required  two 
hours.  The  gt  Is  wen  th*  n  removed,  placed  u  a  metal  trough,  frozen  on 
drv  ice,  and  tires -eu  against  *  transverse  siicer  containing  razor  blades 
at  1  mm  intervals.  Hie  iice.>  were  placed  in  scintillation  vials  with 
0.073  ml  water  t.nd  1  ml  f  NC:>,  heated  at  65°C  overnight  and  then  mixed 
with  I.iquifluor  diluted  in  toluene. 

Mo  1 ec  \ 1 1 a r  wo i ^  h  t  e  t i ma  t ion . 

We  .let  oi  nine*!  that  with  8*  gels  containing  a  30:1  ratio 
of  acrylamide  to  Ms.  u  linear  relationship  between  relative  migration 
and  log  moleculai  weight  was  valid  for  a  molecular  weight  range  of  at 
least  12,000  to  f>7,00(,  (standards  were  bovine  plasma  albumin,  rennin. 
g-  iact  oglohul  in  and  tv  loch rone  C.  To  determine  molecular  weights,  ^C- 
amino  acid  labeled  Si  nab  is  wa  added  to  ^H-amino  acid  labeled  samples 
and  the  mixture  co- e  1« ct r.  pic  reted.  Molecular  weights  of  53,000  and 
30,000  were  obtained  Iron  the  literature  for  the  Sindbis  proteins. 

Rad  i  o  i  mtnunr  pr  ec  i  p  i  t . ^  ion  (RIP). 

The  KIP  ;>i  iced ure  was  described  in  detail  in  the  previous 
annual  report.  Kssentially,  0.05  ml  of  diluted  radioactive  antigen  was 
added  to  0,05  ml  oi  TP.s  0.1  bovine  plasma  albumin  in  0.15  M  NaCl,  0.1 
Tris-HCL  pH  7. 4,»  in  a  0.55  ml  polyethylene  micro  test  tube;  0,05  ml  of 
diluted  hyperimmune  ascitic  fluid  was  added,  stirred,  and  incubated  at 
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37°C  for  one  hour.  Then,  0.05  nl  of  a  1:10  dilution  of  rabbit  anti-mouse 
serum  was  added,  the  tube  mixed,  incubated  at  37°C  for  one  hour,  and 
placed  in  the  refrigerator  2-24  hours.  The  tubes  were  centrifuged  in  a 
Beckman  152  microfuge  at  15,000  rpm  for  5  min;  0.1  ml  was  removed  and 
designated  the  "supernatant."  The  tube  was  mixed,  and  the  remaining 
0.1  ml  was  removed  and  designated  the  "pellet."  Per  cent  precipitation 
was  calculated  in  the  following  manner: 

_ C PM  "pellet"  -  CPM  Supernatant" _  X  100  «  X  RIP 

CPM  "pellet"  +  CPM  "supernatant"  -  2  X  background  CPM 

For  preparative  purposes,  larger  volumes  were  used  but  the 
micro-tubes  were  still  employed  and  filled  with  about  0.5  ml.  Centri¬ 
fugation  was  increased  to  10  minutes.  The  supernatant  was  removed  except 
for  about  0.02  ml.  The  tubes  were  mixed,  the  "pellets"  pooled  and  di¬ 
luted  with  an  equal  volume  of  TRS,  incubated  at  4°C  for  two  hours  and 
again  centrifuged  at  15,000  rpm  for  10  min.  The  supernatant  was  removed 
except  for  about  0.0*2  ml,  the  tubes  were  mixed  and  the  pellet  fractions 
were  pooled,  diluted  to  the  desired  volume  with  0.01  M  phosphate 
buffer,  d  issociated  with  SLS  and  2-ME,  dialyzed,  and  mixed  with  glycerol 
and  bromphenvl  blue  prior  to  PACE  as  previously  described. 

Determination  of  ac  id- insoluble  radioactivity. 

A  0.1  mi  aliquot  of  extract  was  added  to  2  ml  of  5X  trichloro¬ 
acetic  acid  (TCA),  heated  at  90°C  for  15  min,  and  then  cooled  in  ice- 
water  for  at  least  two  hours.  The  material  was  pured  through  0.45  mu 
membrane  filters  (Millipore  Corp.)  and  the  filters  rinsed  witn  3-2  ml 
aliquots  of  cold  5 ''  TCA.  They  were  placed  into  scintillation  vials, 
dried  in  an  oven  at  65°C,  and  then  l.iquifluor  diluted  with  Toluene  was 
added. 

Resu 1 ts 

Growth  of  radioact ive  JEV  in  LLC-MK?  and  chick  embryo  cells. 

The  growth  curves  of  JEV  in  LLC-MK2  and  chick  embryo  cells 
are  presented  in  Fig.  10A.  Virus  appeared  in  the  medium  by  11  hours 
\  ter  infection  and  reached  maximal  titers  by  40  hours  in  both  cell 
lines.  Therefore,  when  preparing  radioactive  virus,  culture  medium  was 
harvested  at  40  hours.  When  examining  stabl  '  intracellular  proteins  of 
infected  cells,  long  radioactive  pulses  beginning  at  least  12  hours  after 
infliction  were  used. 

When  radioactive  JEV  was  prepared  from  LLC-cells  as  des¬ 
cribed  above  and  sedimented  through  a  sucrose  gradient,  one  major  coin¬ 
cident  peak  of  radioactivity,  hemagglutination  and  comp lement- fixation 
was  present  (Fig.  10B) ,  this  peak  has  been  shown  to  he  infectious  virus. 

A  more  slowly  sedimenting  peak  of  HA  (SHA)  was  also  present  and  will  be 
d i s cussed  he  low. 


Figure  LOA.  Growth 
curve  of  Japanese 
encephalitis  virus 
in  monkey  kiuney 
(LLC-l'jJ^)  and  chick 
embryo  cell  culturec 
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Polyacry  iamidu  gel  electrophoresis  (PAGE  of  ^H-amino  acid 
labeled  JFV. 

When  ^H-JKV  was  dissociated  with  sodium  lauryl  sulfate  (SLS) 
and  2-mercaptoethanol  i2-ME),  dialyzed,  and  e lec trophoresed  on  varying 
concentrations  of  polyacrylamide  gels,  three  virion  polypeptides  were 
always  detected  (V-l,  V-2,  and  V- 1)  (Fig.  11).  The  fastest  migrating 
polypeptide  V-l)  co-migrited  with  the  dye  front  in  87,  acrylamide  gels. 
However,  electrophoresis  through  10  and  12CT/  gels  clearly  separated  V-l 
from  the  dye  front  ,  itulic  itin.r  that  this  radioactive  peak  actually  did 
correspond  to  a  polvpepti  ie.  ^i-Sindbis  proteins  were  used  as  reference 
markers  as  described  below,  Occasionally,  a  very  minor  radioactive  peak 
migrated  slower  than  V-l  (Fie.  1  JA) ;  however,  this  was  not  reproducible 
and  therefore  not  considered  to  be  a  virion  polypeptide. 

Polypeptides  in  I FV- infected  cells. 

Protein  ; vi. thesis  in  chick  cells  was  inhibited  257,  by  JEV 
infection;  actinonvcin  P  treatment  >f  chick  ceils  suppressed  protein 
synthesis  bv  34  f  ehu  2m.  despite  these  levels  of  inhibition,  we 
were  unable  to  identiiv  virus  specific  p»  lypeptides  in  JEV-infected  cells 
in  the  presence*  or  ibsenoe  of  actinomycin  D;  residual  host  protein  syn¬ 
thesis  effectively  masked  the  presence  of  virus-specified  proteins. 

Table  29,  Protein  Synthesis  in  Chick  Cells^ 


In  ri  en t 


Acid  Insoluble  cpm 


None  (Mock- iaf ec t«id >  40,000 

JEV  in lec lion  JO, 000 

Actinomycin  I)  addition  (alone)4"  18,200 

Actinomycin  I)  plus  cyc U  hex imide  puise^  5,200 

Cyc loheximide  addition  (alone,  continuous)^ 

a .  Moc  k -  in  fee  t ed  725 

b.  Infected  673 


*  The  results  presented  here  are  the  controls  for  the  experiment  in 
Fig.  13A,  the  general  pr  c edures  are  described  in  Materials  and 
Methods  or  in  the  legend  to  Fig. 12A.  Isotopes  were  added  from  1^ 
hrs  to  5^  hrs  after  infection  in  all  samples.  The  relative  results 
were  the  same  when  expressed  as  cpm  or  calculated  as  specific  activity. 

^  Cells  pre'reatod  with  1  ug'mL  of  actinomycin  D  for  9  hrs  prior  to 
mock-infection;  actinomycin  [)  readded  hrs  after  mock-infection  and 
isotope  added  trim  Is,.  to  5’$  hrs  after  mock- inf ect ion, 

3  From  the  "uninfected  curve, "  hr  point  in  Fig.  13A. 

^  M  *ck- infected  »r  IL\  infected  cells;  cycloheximide  (300  ug/ml)  added 
1  hr  after  ?J\cLi  mi;  isotope  and  cyc  loheximide  present  from  1^  to 
) \  hr.  (Mir  i  n  f ec  t  i  n . 
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Figure  12A.  i'xotcnn  eyntheaie  in  Japanese  encephalitic  Time 
infected,  act inoiuy cm  D-treated,  cyclohcximide  pulse-inhibited 
chid:  cells. 
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Figure  l2B.  iJoiydcr/la.xid«  gel  electrophoresis  of  extracts  of 
JEV-infect"  actinunycin  D  treated,  cyclohexiciide  pulled, 
chick  ceils.  Arrows  represent  position  of  l^C-Sindbis  markers. 
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Polyacrylamide 
electrophoresis  of 
radio innune  precip¬ 
itate  from  actino- 
mycin  D  treated, 
infected  chick  cells 
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In  order  to  specifically  and  more  severely  suppress  host  protein  syn¬ 
thesis,  it  was  necessary  to  utilize  Trent’s  procedure  in  which  a  brief 
pulse  of  cycloheximide  is  administered  to  cells  pretreated  with  actino- 
mycin  D.  When  chick  cells  were  treated  with  cycloheximide  continuously, 
protein  synthesis  in  both  infected  and  uninfected  cells  was  abolished 
(Table  29^.  When  normal  chick  cells  were  treated  with  a  pulse  of  cyclo¬ 
heximide,  there  was  only  a  transient  inhibition  of  protein  synthesis. 

This  procedure  was,  therefore,  not  useful  for  the  initial  identification 
of  virus-specified  polypeptides.  However,  when  normal  chick  cells  were 
treated  with  a  pulse  of  eve loheximide  after  pretreatment  with  actino- 
mycin  D,  protein  synthesis  was  inhibited  by  877.  (Table  29).  When  this 
same  procedure  was  applied  to  JEV-infected  cells  at  various  times  after 
infection,  an  increase  of  protein  synthesis,  relative  to  uninfected 
cells,  was  observed  when  the  cycloheximide  was  added  12  hours  or  more 
after  infection  (Fig.  12A). 

The  observed  increase  in  protein  synthesis  in  JEV-infected 
cells  treated  with  actinomycin  D  and  cycloheximide  was  shown  to  be  due 
to  the  selective  synthesis  of  viral  specific  proteins.  When  extracts  of 
infected  and  mock- inf ec ted  chick  cells  which  were  pretreated  with  acti¬ 
nomycin  D  and  pulse- inhibited  with  cycloheximide  22  hours  after  infection 
were  analyzed  by  FAGE,  seven  polypeptides  were  detected  in  the  infected 
cell  extract  (Fig.  12B).  By  contrast,  in  the  uninfected  cell  extract, 
only  a  low,  generally  flat  background  was  present  (Fig.  12B).  Two  of 
the  polypeptides  corresponded  to  virion  polypeptides  V-2  and  V-3;  the 
five  additional,  nonvirion  polypeptides  were  designated  NV-1  through 
NV-5.  NV-3  was  usually  a  distinct  peak,  but  occasionally  its  presence 
was  indicated  by  a  shoulder  on  the  right  side  of  V-3.  The  same  poly¬ 
peptides  were  identified  in  infected  cells  pulse- inhibi ted  with  cyclo¬ 
heximide  in  the  absence  of  actinomycin  D.  This  result  indicated  that 
pre- treatment  with  the  latter  drug  was  not  essential  for  severe  inhibi¬ 
tion  of  host  protein  synthesis  in  the  infected  cell,  although  it  was 
necessary  in  the  uninfected  cell. 

In  order  to  estimate  the  molecular  weights  of  the  JE  proteins, 
1*C  -amino  acid-labeled  Sindbis  was  added  to  ^H-amino  acid-labeled  samples, 
and  the  mixture  co-elec trophoresed.  From  runs  similar  to  those  illus¬ 
trated  in  Figs.  II  and  1 2 B  (Sindbis  proteins  indicated  by  arrows),  mole¬ 
cular  weights  of  8,700,  13,500  and  53,000  were  calculated  for  V-l,  V-2, 
and  V-3,  respectively,  and  values  of  10,500,  19,000,  45,000,  71,000, 
and  93,000  for  NV-1  through  NV-5,  respectively. 

There  was  no  convincing  evidence  for  the  presence  in  infected 
chick  ceils  of  a  polypeptide  of  8,700  daltons  corresponding  to  V-l,  the 
smallest  virion  polypeptide  of  LLC-MK2  derived  virus. 

One  possible  explanation  for  this  would  be  that  virions 
derived  from  chick  ceils,  in  contrast  to  virions  from  LLC-MK2  cells, 
lack  V-l  and  contain  as  a  structural  component  one  of  the  "non1 virion" 
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polypeptides.  However,  co-electrophoresis  of  chick  cell-derived  virus 
with  infected  chick  cell  extracts  indicated  that  the  virus  from  chick 
cells  also  contained  V-l  and  appeared  similar  to  virus  from  LLOMK2 
cells  (Fig.  13A). 

Radioimmune  precipitation  (KIP)  of  JEV  proteins. 

We  felt  that  it  would  be  desirable  to  determine  virus- 
specified  intracellular  proteins  by  another,  independent  method.  We 
chose  to  use  radioimmune  precipitation,  which  relied  on  their  presumed 
antigenicity.  Hyperimmune  ascitic  fluid  prepared  in  mice  immunized 
with  JEV-infected  mouse  brain  was  able  to  specifically  precipitate  greater 
than  85%  of  radioactive  JEV  virions.  When  a  cytoplasmic  extract  prepared 
from  JEV- infected,  actinomycin-B  treated,  chick  cells  _hat  had  not  been 
pulsed  with  cycloheximide  was  treated  with  this  antisera,  approximately 
20%  of  the  radioactivity  was  precipitated.  No  radioactivity  was  precipi¬ 
tated  from  identically  prepared  extracts  of  uninfected  cells  in  parallel 
experiments;  other  controls  were  also  negative,  (substitution  of  normal 
ascitic  fluid  for  hyperimmune  ascitic  fluid  or  omission  of  rabbit  anti¬ 
mouse  serum).  When  material  precipitated  in  this  manner  was  analyzed 
by  PAGE,  it  appeared  that  six  of  the  seven  previously  described  poly¬ 
peptides  were  identifiable  although  there  was  insufficient  radioactivity 
to  be  certain  of  the  presence  of  all  of  them  (Fig.  13B). 

Isolation  and PAGE  of  JEV  "core." 


When  virions  which  were  doubly  labeled  with  ^H-uridine  and 
^C-amino  acids  were  centrifuged  through  a  sucrose-020  gradient  they 
appeared  to  have  a  density  of  1.23  (Fig.  14A) .  When  an  aliquot  of  the 
original  preparation  of  virions  was  treated  with  NP-40,  a  structure  was 
obtained  which  was  denser  than  the  virion  and  which  contained  propor¬ 
tionately  more  ^H-RNA  (relative  to  protein)  than  the  virion  (Fig,  14B). 
Co-electrophoresis  of  this  presumed  "core"  structure  with  ^H-amino  acid 
labeled  virions  indicated  that  the  "core11  contained  principally  one 
polypeptide,  V-2  (Fig.  14C), 

Characterization  of  the  slowly  sedimenting  hemagglutinin  (SHA), 

When  cell  culture  fluid  was  harvested  at  64  hours  after 
infection,  a  slowly  sedimenting  hemagglutinin  (SHA)  was  present  and  shown 
to  be  RNA-poor  (Fig.  15).  When  this  material  was  centrifuged  to  equili¬ 
brium,  most  of  the  protein  banded  as  a  discrete  peak  with  density  of 
1.23  g/cm  (similar  to  the  density  of  the  virion)  (Fig.  ^6A).  Most  of 
the  small  amount  of  RNA  in  the  preparation  had  a  greater  density  and 
was,  therefore,  not  associated  with  the  SHA  particle. 
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Figu re -14.  Itopycnic  centrifugation  of  JEV  Tirion  (A)  and  N?-40-derived 


Figure  14C.  Co-eiectrophore si*  of  JEV  virion*  and  core  protein*. 
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Figurs  16A,  Isopycnlo 
centrifugation  of 
JEV  slowly  sediment¬ 
ing  hanagglutj nin 
shoin  in  the  previous 
figurs  (fractions 
19-22). 
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Figurs  16B.  Poly, 
acrylamide  co- 
slectrophorssis  of 
JEV  virions  and 
slowly  sedimenting 
hemagglutinin  (SHA) 
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When  labeled  SHA  Wei*-,  ta^er.  direct!.'  Ii*  *n  *  Kc  gradient  in 
Fig,  15  and  co-el eccrophorosed  with  JH-amino  ac  id  viri  ns  (  r.r  ne  major 
polypeptides  were  shown  t*«  he  present  in  the  S!IA  (}  i,’.  16p;.  IVi 

corresponded  to  V'-l  md  V-  i  and  the  third  had  an  estimated  Then! 
weight  of  18,000,  corresponding  to  NV-2. 

However,  when  analogous  material  uus  ;ak«n  !  roir  a  gradient 
of  virus  harvested  at  40  hours  rather  than  b4  Imrrs,  oil1”  V-  1  and  V-  3 

were  present. 

Discuss  ion 

We.  have  analyzed  the  polypeptides  *if  t  pretip  h  arbovirus 
"system*'  consisting  •!  the:  .irion,  slowly  srd  ir.ieni  i  ng  her.avp  1  ut  ini  n 
(SHA),  "core"  and  intracellular  proteins.  The  ubservat  i  i  that  mode¬ 
rately  radioact ive ly  labeled  virion  is  composed  of  only  three  major 
polypeptides  is  in  agreement  with  results  for  dengue  (Stollar,  1969) 
and  St,  Louis  encephalitis  (front,  et  a  1 ,  196^)  but  differs  from 
results  reported  for  Kunjin  (Westaway  and  Reedman,  1969).  A  highly- 
radloactively- labeled  preparation  of  Kunjin  was  reported  to  contain 
four  polypeptides.  Since  Kunjin  is  very  closely  related  to  JEV  this 
difference  is  unexpected.  It  is  possible  that  the  fourth  nin  >r  radio¬ 
active  peak  represents  an  artifact  due  to  aggregation  similar  to  what 
was  observed  with  the  "core"  protein  of  Semliki  Forest  virus  (Acheson 
and  Tamm,  1970),  We  have  occasionally  observed  a  minor  inconstant  peak 
in  acrylamide  analyses  ot  virions  which  migrated  with  NV- 5  in  co-runs. 
However,  in  most  newlv  prepared  samples,  including  one  containing  a  4000 
cpm  V-3  peak,  similar  to  Kunjin,  the  fourth  peak  was  absent.  Unambiguous 
demonstration  of  minor  structural  polypeptides  will  require  functional 
tests. 

were  able  to  detect  seven  polypeptides  in  infected  ceils. 
One  of  the  polypeptides,  NV-3,  was  not  always  separable  from  V-3,  and 
in  fact,  resembled  an  intramo  1  ecular ly-rearranged  form  of  V-3  (Strauss, 
et  al,  1969).  However,  we  lelt  that  NV-9  was  a  discrete  polypeptide 
for  the  following  reasons:  1.  Sindbis  proteins,  which  are  known  to 
be  subject  to  this  Kind  of  artifact,  always  behaved  as  two  homogenous 
narrow  peaks  in  co  electrophoresis  runs;  2.  V-3  derived  from  the 

virion  also  always  behaved  ax  a  single,  narrow  peak;  j.  Co-electro¬ 
phoresis  of  virion  and  intracellular  polypet  Lidcv  indicated  the  pre¬ 
sence  of  NV-3  only  in  the  intracellular  material;  and  4.  isolation 
of  the  intracellular  proteins  by  an  immunological  procedure  revealed 
a  markedly  increased  rario  of  NV-3  to  V-3,  suggesting,  but  not  proving, 
independent  behavior  if  the  two  proteins. 

We  have  shown  that  a  JEV  "core"  obtained  by  NP-40  treat¬ 
ment  of  the  virion  contained  one  polypeptide.  !t  was  claimed  that 
treatment  of  Kunjin  v'l.ons  with  deoxvcholate  resulted  in  t  "core" 


containing  two  polypept ides.  Two  core  polypeptides  were  also  reported 
for  St.  Louis  encephalitis  virus  treated  with  deoxycholate  (Trent, 
1969).  However,  >ne  core  polypeptide  was  reported  for  dengue  virions 
treated  with  NP-40.  These  differences  may  arise  because  of  the  dif¬ 
ferent  detergents  used.  It  appears  likely  that  the  use  of  NP-4U  pro¬ 
duced  a  completely  "stripped-down"  core  derived  from  JEV  and  dengue 
virions  and  that  the  single  polypeptide  in  this  particle  interacted 
most  strongly  with  RNA  and  is  therefore  the  "core"  protein.  It  is  not 
unreasonable  to  expect  tint  less  "stripped-down"  cores  would  have  addi¬ 
tional  proteins  bound  primarily  to  the  "core"  protein  rather  than  to 
the  RNA.  Until  a  nat ura 1 ly-occurr i  ng  core  is  isolated  from  infected 
cells  and  analyzed  (Acheson  and  Tamn,  1970)  we  must  conclude  that 
group  B  arbovirus  "cores"  contain  one  polypeptide. 

The  polypeptides  found  in  the  infected  cell  constitute 
300,000  daltons  of  protein,  which  is  approximately  the  coding  capacity 
of  the  viral  genome  assuming  that  JEV-RNA  has  the  same  molecular  weight 
(3.3  x  It)*)  as  dengue  RNA  (Stellar,  et  al,  1966).  Furthermore,  they 
were  found  after  long  labelling  times  in  cells  beginning  at  about  12 
hours  after  infection.  Therefore,  they  probably  constitute  the  major 
species  of  stable  virus-specified  polypeptides.  Because  the  pblypep- 
tide9  are  nor  present  in  equimolar  amounts,  they  are  unlikely  to  result 
from  unvarying  translation  of  a  single  giant  m-RNA  molecule.  Whether 
they  arise  as  separate  monoclstronic  translations  of  m-RNA,  or  as 
post- translation il  cleavage  products  (Jacobson  and  Baltimore,  1968; 
Burrell,  et  al,  1970;  Cooper,  cl  al,  1970;  Hosada  and  One,  1970;  Katz 
and  Moss,  1970  •,  and  whether  they  are  differentially  synthesized  in  an 
expanding  intracellular  pool  in  a  manner  similar  to  what  is  observed 
lor  group  A  arboviruses  (bcheele  and  Pfefferkorn,  1969)  remain  to  be 
determined . 


The  intracellular  deficit  of  V-l  may  be  relevant  here. 

Since  group  B  arboviruses  appear  to  penetrate  through  membranes  into 
intracellular  vacuoles  (Murphy,  et  al,  1969;  Ota,  1965),  one  would 
expect  to  find  at  Least  traces  of  all  virion  polypeptides  within  the 
infected  rell  merely  because  ^f  the  vacuolar  entrapment  of  fully  mature 
virions.  Ihc  deficit  of  i nt race i  lular  V-l  is  therefore  unexpected  and 
may  result  from  rbo  following: 

a.  V-l  may  merely  be  synthesized  in  small  amounts  too  low 
to  be  detected  hoc*  .  Li  true,  this  would  raise  the  possibility  that 
the  amount  of  V-l  available  limits  virus  assembly  or  release. 

b.  V-l  mav  be  rapidly  turned  over  with  respect  to  V-2  and 
V-3,  or  else  may  be  preferentially  synthesized  relatively  early  in 

infect  ion. 


Ac  '  .numvef  n  D-cyc  loheximi  de  pulse- inhibit  ion  may 
irreversibly  inhibit  V-l  synthesis. 
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d.  V*1  nay  be  derived  by  cleavage  from  i  ,  i  be  n  n- 

virion  polypeptides  during  virus  assembly  or  release.  This  suggests 
the  possible  existence  of  a  precursor  particle  similar  t»  Liu*  polio 
procapsid  (Jacobson  and  Baltimore.  1968). 

Related  to  t  he  lust  possibility  is  the  existence  of  .1 
subviral  particU  ( ^  ’ tr\  •  win  cl  contains  at  least  >in>  polvpept  de  not* 
present  in  the  viri  :>  and  lacks  V-z.  However,  instead  i  !  repr.  s»-nt  ing 
a  normal  precursor,  it  ruv  n  ult  from  aberrant  v.  >rp!»y  ones  i  perhaps 
occasioned  hv  cillulu*  <W  g  eiiera  t  i  on .  This  situation  is  re»:;(  U  irce, 
with  varying  condition  i  infect  i  »n ,  we  hav»*  «bs**rvod  sev*r.i!  vari'Mie 
of  stibviral  particle?  sedimenting  similar  to  SliA.  We  are  current  lv 
investigating  their  relationship  to  each  other  uni  their  role  in  virus 
maturation . 

B •  Character!  .tics  and  Synthesis  i  f  Proteins  in  Japanese  Ence¬ 
phalitis  Virus  Infected  (liick  Embryo  Fibroblasts. 

Information  obtained  on  thepolypcpt ide  composition  of  JEV 
as  well  as  the  viral -sped fied  proteins  within  infected  host  cells 
(see  above)  provided  the  means  to  begirt  investigating  the  sitc(s)  of 
syntheses  of  viral  antigens  in  the  infected  coll.  It  has  been  shown 
that  the  major  c >at  protein  of  the  JE  virion  is  a  glycoprotein,  and 
it  may  be  true  that  the  major  viral  antigens  are  glycoproteins.  For 
this  reason,  the  nature  and  site  of  antigen  synthesis  within  infected 
cells  was  first  approached  by  determining  which  of  the  viral  speci¬ 
fied,  but  nonvirion  proteins  ire  glycoproteins.  Next,  the  membranes 
of  infected  cells  were  fractionated  by  centrifugation  methods  that 
required  extensive  development  and  examired  for  their  relationship 
with  viral  specified  proteins. 

1 .  Glycoproteins  ol  dEV-infected  Chick  Cells. 

Chick  cells  were  treated  with  actinomycin  D  after  infec¬ 
tion  with  JEV  and  then  labeled  with  ^H-amino  acids  and  l^C  glucosamine 
from  12  to  22  hours  after  infection.  The  ceils  were  dissolved  in  1% 
NP-40  in  RSB,  Douuced  2b  times  and  dialyzed  against  RSB.  JEV  hyper¬ 
immune  mouse  asclric  fluid  was  able  to  precipitate  about  20  per  cent 
of  the  radioactivity  whereas  normal  ascitic  fluid  did  not  precipitate 
any  radioactivity.  When  this  material  was  dissolved  in  SLS  and  2-ME 
and  analyzed  by  po lyacrv 1  amide  gel  electrophoresis  (PAGE),  three 
major  peaks  were  present:  V- 3 ,  NV-3,  and  FV-2;  all  were  glycoproteins 
(Figure  17A).  Therefore,  we  conclude  that  there  are  three  JEV- 
specified  glycoproteins  and  that  all  three  comprise  the  principle 
antigens  of  infected  ceils.  The  peak  labeled  "A"  is  not  generally 
observed. 


297 


Figure  17.  Polyacrylamide  gel  electrophoresis  of  radioactive  extracts 
of  chick  embryo  cells  Infected  with  Japanese  encephalitis  virus 
and  Created  as  indicated  in  each  graph. 
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When  IK  infected  ceils  were,  tree  led  with  at*  t  inornve  i  n  P 
and  pill  se- i  nlii  h  1 1  oil  with  cvc lohex i mide ,  glycosv lac i on  was  Sound  he 
more  persistently  suppressed  than  protein  synthesis.  in  fact,  when 
glvcosamine  and  amino  acids  were  added  right  after  \n\  1  se- i nhi hi t ion , 
no  carbohy  .rate  was  incorporated  into  glycoproteins  (Figure  176),  Hv 
contrast,  after  a  delay  of  lour  hours,  incorporat ion  c ubohydr at e 
did  occur  (Figure  !/(!>•  To  demonstrate  that  g  1  ik os.inune  was  able  t  » 
enter  the  cell  and  presumably  the  nucleotide  sugar  pi  >1  during  the 
period  of  time  when  g  lycosy  lation  was  inhibited,  tht  glucosamine  was 
added  for  four  hours  then  removed,  after  which  amino  acids  ware  added. 
As  can  be  seen  by  PAGE  of  the  cell  extract,  £  lycosy  lation  did  occur 
after  this  treatment  {Figure  i  7  D ) ,  The  explanation  for  these  unex¬ 
pected  findings  is  not  clear. 

2,  Membranes  ol  JKV- infected  Chick  Cells. 

We  have  adapted  procedures  for  isolating  membranes  of 
chick  embryo  cells;  the  scheme  is  shown  in  Figure  18A.  Briefly,  mono- 
layers  of  cells  from  1  to  3  32-oz  prescription  bottles  containing  2  to 
10  x  10®  cells  are  scraped  off  into  0,25  M  sucrose  in  RSfi  and  then 
dounced  25  times  in  a  7  ml  homogenizer  with  a  tightly  fitting  pestle. 
The  material  is  centrifuged  at  2000  rpm  for  2  min  and  the  pellet  is 
resuspended  and  recent r i tuged  at  2000  rpm  for  two  nun;  the  resulting 
pellet  is  called  the  M2PM  fraction,  corresponding  to  a  nuciear- 
enriched  fraction.  The  supernatant,  called  "2SM,  is  then  centrifuged 
through  0.3M  sucrose  onto  a  2.6  M  sucrose  cushion  at  10,000  x  g  for 
30  min#  The  pelleted  material  is  called  M10PM.  The  supernatant  is 
called  "10S"  and  centrifuged  through  0.3M  sucrose  onto  a  2.6M  sucrose 
cushion  at  308,000  g  (65,000  rpm)  for  45  min.  The  pellet  is  called 
,,65-PM  and  the  supernatant  fluid  is  called  ,,65-SM*  The  three  frac¬ 
tions  are  then  centrifuged  on  the  discontinuous  sucrose  gradient 
illustrated  in  Figure  18B,  For  convenience,  the  method  of  Caliguiri 
is  included  for  comparison.  The  gradients  are  collected  in  0.1  ml 
fractions  by  bottom  puncture.  Fight  bands  of  membranous  material  can 
be  di s t ingui shod  in  regions  corresponding  to  the  various  sucrose  inter¬ 
faces*  In  general,  electron  micrographs  indicate  that  smooth  mem¬ 
branes  are  found  in  bands  I,  II,  and  III,  whereas  rough  (and  smooth) 
membranes  are  present  in  bands  IV  through  VII.  Figures  19  A,  B,  C, 
illustrate  the  results  of  membrane  fractionations  when  a  pulse- 
inhibited  coll  is  labeled  with  3H-amino  acids  for  four  hours.  The  2P 
fraction  contains  essentially  only  band  VI.  The  4P  fraction  contains 
three  prominent  bands:  VI,  Vg,  Va»  and  Ill.  The  65-F  fraction  con¬ 
tains  predominantly  111.  On  occasion,  the  majority  of  V^  can  be 
found  in  the  65P  fraction  rather  than  the  10P  friction.  The  distri¬ 
bution  of  radioactivity  is  given  in  Table  30;  607.  of  total  cell  radio¬ 
activity  is  present  in  2P,  307  is  found  in  10P,  and  5/  in  65.  Only 
47  is  found  in  65S,  indicating  that  essentially  everv  JEV-sneci  f  ied 
protein  is  membrane,  bound.  There  is  a  5  to  10-fold  enrichment  of 
radioactivity  in  bands  IV  -  VII  as  compared  to  bands  I  -  III. 
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When  the  membrane  fractions  were  analyzed  by  PAGE  it 
appeared  that  dense  membranes  had  similar  polypeptide  compositions 
(Figure  20,  A-D).  Light  membranes  were  strikingly  different 
(Figure  21,  A-C) ;  they  obtained  a  predominance  of  NV-5  and  lacked 
NV-4.  When  the  soluble  cytoplasmic  proteins  (65  supernate)  were 
analyzed,  there  was  a  large  proportion  of  NV-5  (Figure  21D).  Neither 
one  of  the  three  prominent  peaks  A,  B,  or  C  co-ran  with  marker  V-3. 
Furthermore,  a  high  background  of  radioactivity  was  present  through¬ 
out  the  run.  This  suggests  that  proteolysis  is  partly  responsible  for 
"soluble"  proteins.  There  was  also  no  enrichment  for  glycoproteins. 
These  results  do  not  support  the  hypothesis  that  smooth  membranes  are 
the  sites  of  glycosylation.  To  look  at  this  more  closely,  infected 
cells  wet.  treated  with  actinomycln  D  and  labeled  with  ^H-galactose 
and  ^C- glucosamine  for  eight  hours.  The  membrane  gradients  are 
presented  in  Figure  22  A,  B,  C.  There  is  virtually  a  constant  ratio 
of  galactose/glucosamine  in  all  membrane  fractions.  Furthermore, 
there  is  a  two  to  four- fold  enrichment  of  radioactivity  in  bands  IV  - 
VI  as  compared  to  I  -  III  which,  although  less  than  the  five  to  ten¬ 
fold  enrichment  found  in  the  case  of  amino-acid  labeled  cells,  does 
not  implicate  smooth  membranes  (or  at  least  not  light  smooth  membranes) 
as  the  sire  of  glycosylation. 

Iable  30. 

Distribution  of  Radioactivity  through  Membrane  Fractions 

_ Percentage  of  Total  Radioactivity _ 

Fraction  3^  Amino  Acids  jH  Galactose  Glucosamine 


2P 

59 

39 

42 

10P 

30 

50 

44 

65P 

5 

6 

5 

65S 

4 

4 

5 

Bands  IV-VII  of 

2P,  10P,  and  65P 

84 

74 

73 

Bands  I - 1 1 1  of 

2P,  10P  and  65P 

8 

26 

20 

Bands  IV-VII  of 

10P  and  65P  only 

31 

40 

\ 

35 

Bands  I-III  of 

10P  and  65P  only 

6 

21 

18 

* 
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Figure  21.  Polyacrylamide  gel  electrophoresis  of  light  membranes 
(A,  B,  C)  in  the  indicated  bands  (Roman  numerals)  isolated  as 
shown  in  Fig.  21D.  Analysis  of  soluble  cytoplasmic  proteins  in 
the  65,000  rpm  supernate. 
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C.  Fluorescent  Antibody  and  Electron  Microscopic  Studies  of 
group  B  Arbovirus- infected  Cell  Cultures, 

There  are  no  published  descriptions  of  dengue  virus  morphoge¬ 
nesis.  Electron  microscopic  studies  of  cells  infected  with  other 
group  B  arboviruses  have  developed  the  concept  that  group  B  arboviruses 
somehow  mature  within  the  cell  in  association  with  the  endoplasmic 
reticulum  (Ota,  Z.,  1967  and  Murphy  et  al,  1968). 

Cytological  studies  using  fluorescent  antibodies  (FA)  have 
shown  dengue  antigens  restricted  to  the  perinuclear  zone  (Atchison  et 
a  1  ,  1966;  Bhamarpravat  i ,  N. ,  et  al,  1964).  These  studies  were  performed 
before  the  current  data  concerning  dengue  antigens  became  available  at 
VRAIR  but  they  do  implicate  the  golgi  zone  and  the  endoplasmic  reticulum 
as  a  prime  area  of  vir^l  morphogenesi s. 

We  have  recently  used  antibodies  against  soluble  complement 
fixing  antigen  (anti-SCF),  the  virion  or  rapidly  sedimenting  hemagglutinin 
(snti-RHA)  and  crude  dengue-infected  brain  extract  (anti-Den-2)  to 
establish  by  FA  the  relative  sensitivity  of  the  antigens  to  fixatives, 
their  cytologica  distribution  and  their  tine  of  appearance. 

Dengue- 2  infected  cells  were  then  examined  under  the  electron 
microscope  to  determine  the  morphology  of  these  cells  in  relationship 
to  the  FA  findings. 

Materials  and  Methods. 


Cells  and  media:  LLC-MK2  cells  were  grown  in  plastic  petrl 
dishes  containing  10  x  22  mm  glass  coverslips  using  medium  199  in  Hank's 
balanced  salt  solution  with  triclne  buffer,  37,  fetal  calf  serum  and 
antibiotics  added  (Robb  and  Martin,  1970). 

Virus  Infect  ion.  At  appropriate  times  LLC-MK2  cells  were 
overlaid  with  207,  dengue-2  infected  mouse  brain  suspensions.  The  mouse 
brain  suspensions  were  diluted  with  medium  199  to  an  appropriate  MOX 
and  allowed  to  adsorb  2-4  hours  before  removal.  Following  the  adsorption 
period,  the  cells  were  washed  with  buffer  and  a  replacement  volume  of 
medium  was  placed  on  the  culture. 

Antisera.  Mouse  hyperimmune  ascitic  fluid  produced  as 
described  in  previous  reports  was  used  as  the  source  of  anti-dengue 
antibodies.  Fluorescein  labeled  anti-mouse  globulin  was  purchased  from 
Antibodies,  Inc.,  Davis,  California,  and  passed  through  a  sephadex  G25 
column  before  use. 

Fixat ion.  Media  was  removed  from  cells  at  appropriate 
times  and  rinsed  2  times  with  PBS  and  fixed  5  minutes  with  cold  2.57. 
poraformal  dehyde  in  isomolar  sucrose  buffered  at  pm  7,2  with  phosphate. 
The  cells  wert.  ttu:n  rinsed  twice  with  PBS  and  stored  at  -70°C  until  use. 
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Fluorescent  Staining,  lhe  coverslips  were  thawed  and 
fixed  with  one  of  several  lipid  solvents  cooled  at  -70°C  for  15  minutes. 
The  solvent  was  removed  and  the  cells  rinsed  with  PBS.  200  lambda  of 
MHAF  or  norma  ascitic  fluid  control  was  then  placed  on  the  cells  and 
incubated  at  37°C  for  one  hour  with  constant  agitation.  The  antibody 
was  removed  and  the  cells  were  washed  with  three  changes  of  PBS  for  one 
hour.  Flourescein  conjugated  antiglobulin  was  then  put  on  the  cover- 
slips  and  incubation  took  place  with  constant  agitation  for  30  minutes 
at  37°C.  The  conjugate  was  removed  and  rinsed  as  above.  The  cover- 
slips  were  mounted  with  glycerol  and  viewed  and  photographed  with  a 
Leety  UV  microscope  with  an  automatic  orthomat  camera. 

EM  Studies,  Cells  for  EM  were  fixed  in  the  petri  dishes 
with  2.57,  Glutaraldehyde  containing  2.57.  sucrose  in  phosphate  buffer 
pH  7.2  24  hours  post  adsorption.  The  cells  were  scraped  with  a  rubber 

policeman  pelleted  by  centrifugation  at  600g  and  embedded  in  77,  noble 
agar.  Following  embedding  in  agar  the  cells  were  fixed  in  17.  OsO^  for 
one  hour,  dehydrated  in  a  graded  series  of  alcohols  and  embedded  in  epon. 
Thin  sections  were  cut  on  an  LKB  Ultratome  II  using  a  diamond  knife, 
caught  on  copper  grids,  stained  with  uranyl  acetate  and  lead  citrate 
ind  viewed  urder  a  RCA-EMV  4B. 

Results 


Effects  of  Fixation  on  FA.  The  results  of  fixation  ex¬ 
periments  are  summarized  in  Table  31.  Several  points  are  important: 

(1)  Aldehyde  fixation  alone  led  to  diminished  FA.  (2)  This  diminu¬ 
tion  could  be  readily  overcome  using  cold  lipid  solvents.  (3)  The 
SCF  antigen  survived  all  fixatives.  (4)  The  HA  antigens  were  destroyed 
by  methanol. 

Distribution  of  FA  with  different  antibodies.  The  three 
MHAF  preparations  provided  different  patterns  of  fluorescene  in  the 
dengue-2  infected  cells.  Anti-SCF  was  strictly  limited  to  the  peri¬ 
nuclear  region  of  the  cell.  The  fluorescene  with  antl-RHA  was  also 
perinuclear  but  tended  to  be  more  granular  and  the  fluorescent  granules 
spread  throughout  the  cytoplasm.  The  fluorescence  observed  using  anti- 
DEN-2  is  a  combination  of  the  two  previous  with  both  perinuclear  and 
cytoplasmic  fluorescence  depending  on  the  fixatives  used.  Selected 
photomicrographs  appear  at  the  end  of  this  section. 

Time  of  Appearance  of  SCF.  A  series  of  Kinetic  experi¬ 
ments  were  used  to  determine  the  earliest  time  of  appearance  of  SCF. 

SCF  was  first  identifiable  at  10-12  post  adsorption.  This  correlated 
with  the  first  observable  fluorescene  with  anti  Den-2.  Therefore,  SCF 
is  one  of  the  early  antigens  of  dengue-2  infected  cells. 


Table  31 


Effects  of  Fixatives  on  Immune  Fluorescence 
In  Dengue-2  Infected  Cells 

_ MHAF _ 


Fixative 

antl-DEN-2 

antl-SCF 

anti' 

Paraformaldehyde  alone 

+1 

+1 

+ 

Glutaraldehyde  alone 

0 

0 

0 

Methanol  alone 

+4 

+4 

0 

Acetone  alone 

+3 

+3 

+3 

Paraform  +  methanol 

+4 

+4 

0 

Paraform  +  acetone 

+4 

+4 

+4 

Paraform  +  ethanol 

+4 

+4 

+4 

Glut  +  any  solvent 

0 

0 

0 

Table  32. 

Group  B  Cross 

Reactions  by 

FA 

Cell-Virus-Fix 

D-2 

LLC 

JEV  - 

CEC 

MHAF 

Acetone 

Methanol 

Acetone 

Methanol 

anti  D2 

+4 

+4 

0 

+3 

anti  SCF 

+2 

+4 

0 

0 

anti  D4 

.  +3 

+4 

- 

anti  JEV 

0 

+4 

+4 

+4 

anti  JEV  SCFj 

- 

• 

+2 

0 

anti  JEV  SCF2 

- 

- 

+2 

0 

anti  Langat 

0 

+2 

- 

- 

anti  St.  Louis 


0 


+4 


Correlation  with  otN r  group  B  viruses.  Similar  studies 
have  been  carried  out  with  JEV  infected  cells.  Fixation  affects  the 
FA  distribution  of  antigens  in  JEV  infected  cells  in  a  similar  manner. 
That  is,  any  combination  of  fixatives  with  methanol  results  in  a 
tight  perinuclear  halo.  Fixation  with  acetone  results  in  a  diffuse 
cytoplasmic  fluorescence.  Antigens  identified  by  antisera  against 
column  chromatographed  complement- f ixing  JEV  antigens,  however,  proved 
to  be  destroyed  by  methanol  but  not  by  acetone.  Because  of  the  metha¬ 
nol  labidity,  the  column  purified  antigens  apparently  are  not  simi¬ 
lar  to  dengue  SCF. 

Cross  reactions  observed.  A  comparison  of  dengue  antigens 
and  JEV  antigens  were  made  using  viral  specific  MHAF  and  various  JEV 
or  dengue  infected  cells.  Both  antisera  crossreacted  under  varying 
fixative  schedules  bet  interestingly,  anti-SCF  did  not  identify  any 
JEV  antigens,  (See  Table  32) 

Further  studies  were  made  using  dengue-2  infected  cells 
and  MHAF  against  Langat  and  dengue-4.  These  are  summarized  in 
Table  32.  Of  particular  interest  is  the  fact  that  methanol-stable 
cross-reacting  antigens  in  addition  to  SCF  are  identified  in  this 
system.  Acetone  fixation  tends  to  reduce  this  cross  reaction  to  nega¬ 
tive  levels. 


Comparison  of  FA  patterns  in  group  A  and  group  B  viruses. 
The  pattern  of  FA  in  group  B  infected  cells  is  characteristic.  Tills 
is  dramatized  by  the  FA  pattern  in  the  group  A  viruses.  In  general,  the 
group  A  FA  pattern  is  diffuse,  involving  both  cytoplasm  and  membranes. 
The  FA  is  diminished  when  acetone  is  the  sole  fixative  used.  All  other 
combinations  of  fixation  are  equally  effective. 

EM  Correlation.  In  view  of  the  group  B  FA  pattern  it  was 
of  interest  to  examine  the  perinuclear  zone  of  group  B  infected  cells. 
Pertinent  electron  micrographs  follow  this  section. 

lhe  most  prominent  features  of  the  dengue  or  JEV  infected 
cells  were  the  large  accumulations  of  virus  particles  in  the  cisternae 
of  smooth  and  rough  endoplasmic  reticulum  in  the  perinuclear  zone  and 
the  proliferation  of  l  micron  oval,  membrane  limited  vesicles  with 
reticular  electron  dense  cores  (CPV-1). 

The  virus  particles  observed  towards  the  periphery  of  the 
cell  were  generally  found  within  smooth  membrane  vacoules. 

Many  celLs  had  widely  dilated  vesicles  which  contained 
many  electron  dense  particles  which  resembled  virus  particles  with 
aberrent  shapes.  These  dilated  cesternae  also  contained  vesicles 
which  appeared  to  be  collapsed  CPV-1. 


Discussion 


Previous  studies  in  this  laboratory  have  indicated  that 
the  dengue  SCF  antigen  is  a  nons tructural  antigen.  The  FA  studies 
demonstrate  that  SCF  and  the  hemagglutinins  also  differ  in  their 
stability  in  methanol.  SCF  apparently  appears  earlier  and  is  restricted 
to  the  perinuclear  zone  of  dengue  infected  cells.  HA  on  the  other  hand 
is  found  not  only  in  the  perinuclear  zone  but  throughout  the  cytoplasm. 
This  suggests  that  SCF  is  an  early  function  protein  antigen  of  dengue-2 
and  is  involved  in  synthetic  functions  rather  than  structural  functions. 

Electron  microscopy  of  group  B  infected  cells  has  thus  far 
been  concentrated  in  the  perinuclear  zone.  This  zone  is  rich  in  all 
forms  of  endoplasmic  reticulum  and  contains  many  virus  partlc  es.  The 
zone  also  contains  a  strange  vesicular  structure  which  has  previously 
been  described  in  group  A  infected  cells  and  called  the  cytopathic 
vacoule  Type  I  (CPV-l)  (Grimby,  et  al,  1968).  The  CPV-l  of  group  A 
infected  cells  has  been  implicated  in  RNA  synthesis  and  its  location 
in  the  group  B  cells  would  be  consistent  with  a  synthetic  function. 

The  comparative  studies  suggest  that  the  group  B  infected 
cells'  all  contain  a  nons  true  tural  methanol  stable  antigen.  This 
antigen(s)  is  perinuclear  (zone  of  synthesis)  but  is  apparently  not 
SCF.  At  least  anti-SCF  from  dengue-2  does  not  cross  react.  The  lack 
of  cross  reaction  with  acetone  treated  cells  may  mean  either  a  low  level 
of  cross  react ivi tv , loss  of  antigen  with  acetone  fixation,  or  the  lack 
of  cross-reacting  acetone  stable  antigens. 

From  these  studies,  the  membrane  studies  and  the  compari¬ 
son  with  the  group  A  viruses  we  can  begin  to  piece  together  the  topo¬ 
graphy  of  group  B  synthesis,  assembly  and  release. 

All  group  :*  synthesis  and  assembly  occurs  within  the  deep 
endoplasmic  reticulum  as  is  evidenced  by  the  lack  of  surface  FA  and 
the  requirement  for  a  lipid  solvent  for  adequate  levels  of  fluorescence. 
This  is  in  direct  contrast  to  the  FA  patterns  found  in  the  group  A 
viruses.  The  early  appearance  of  a  nons tructural  antigen  SCF  in  the 
perinuclear  zone,  the  lack  of  change  in  the  distribution  of  SCF  with 
time  and  the  appearance  of  CPV-l  in  the  perinuclear  zone  ail  suggest 
that  this  area  is  a  zone  of  viral  synthesis. 

The  presence  of  virus  particles  in  the  perinuclear  zone 
implies  that  assembly  also  occurs  in  these  synthetic  zones.  The  data 
from  membrane  experiments  suggest  that  the  major  synthesis  occurs  on 
rough  endoplasmic  reticulum  although  no  clear  morphological  data  has 
been  obtained.  The  mode  of  viral  assembly  is  not  clear.  The  presence 
of  lipids  in  the  virus  suggests  that  the  virus  buds  through  the 
internal  membrane.  There  are  no  electron  micrographs  which  clearly 
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show  the  process  and  there  is  no  clear  evidence  of  nucleoid  structures 
on  the  cytoplasmic  side  of  the  endoplasmic  reticulum  as  is  found  in 
the  group  A  viruses.  Therefore,  the  question  of  the  actual  mode  of 
assembly  remains  unanswered 

Finally,  the  virus  is  apparently  transported  from  the 
zone  of  synthesis  and  assembly  in  smooth  membrane  vacoules  and  released 
by  "reverse  pinocytosis"  much  as  the  manner  of  many  normal  cell  pro¬ 
ducts  are  transported  and  released.  This  is  in  distinct  contrast  to 
the  mechanisms  of  release  of  group  A  viruses  which  can  readily  be 
found  budding  through  surface  membranes. 
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the  perinuclear  staining  (600X),  encephalitis  infected  cells  and  dengue  infected 

cells  in  the  first  photomicrograph  (600X). 
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D.  Group  B  Arb  >vir  is  *  I  ymi*r  isi.  uid  r  1  \  .v.  \  ist  KNA  Products, 

In  the  previous  annual  report  and  departmental  publications, 
it  was  shown  that  nonvirion  but  viral  specified  antigens,  such  as  the 
soluble  complement- fixing  antigen  (SCF),  were  produced  in  dengue  in¬ 
fected  cells  in  substantial  quantities;  preliminary  work  indicated 
a  similar  antigen  probably  also  occurs  in  JE  virus  infected  cells  as 
well.  In  order  to  selectively  control  synthesis  in  group  B  arbovirus 
infected  cells,  it  is  necessary  to  know  the  function,  sites  of  syn¬ 
thesis,  and  composition  of  the  various  particulate  and  soluble  virus 
specified  antigens  and  proteins.  Some  approaches  to  this  have  been 
described  in  the  preceding  sections.  In  this  section,  characterization 
of  dengue  and  JEV  polymerase  and  polymerase  RNA  products  was  carried 
out  to  (1)  suppc rt  studies  on  sites  oi  synthesis  on  the  various  in¬ 
fected  cell  membranes  and  (2)  to  determine  whether  SCF  is  part  of  a 
polymerase  molecule  by  testing  t lie  capacity  of  anti-SCF  to  inhibit 
the  formation  of  polymerase  RNA  products. 

Ribonucleic  acid  polymerase  is  necessary  for  the  replication 
of  the  genome  of  RNA  viruses  (Spiegelman,  1967).  This  enzyme  has  been 
described  in  detail  in  several  RNA  bacteriophage  and  identified  in  a 
number  of  animal  RNA  viruses  by  the  RNA  products  generated  in  a  suitable 
incubation  medium,  RNA  polymerase  has  been  described  in  several  group 
A  arboviruses  by  Sreevalsan  and  Yin  (1969),  Martin  and  Sonnabend  (1967), 
and  Levin  and  Friedman  (1971).  In  this  report  we  describe  the  charnc- 
teristics  of  the  RNA  polymerase  and  polymerase  products  of  two  group  B 
arboviruses,  Japanese  encephalitis  and  denguc-2. 

Materials  and  Methods.  Continuous  rhesus  monkey  kidney  cells 
(LLC-MK2)  were  grown  in  32  oz  glass  prescription  bottles  in  medium  199 
and  chick  embryo  cells  were  grown  in  roller  bottles  as  described  above. 

Preparation  of  Enzyme. 

Chick  embryo  fibroblast  cultures  were  infected  with 
Japanese  encephalitis  virus  in  20'Z,  mouse  brain  suspension  at  an  MOI  of 
10,  The  inocula  was  not  poured  off  but  merely  diluted  to  volume  after 
two  hours.  Either  6  or  8  roller  bottles  were  used  for  each  experiment. 
The  JEV  infected  cells  were  harvested  at  18  to  24  hours  post  infection. 

About  30  -  32  oz  bottles  of  LLC-MK9  cells  were  prepared 
and  infected  with  mouse  brain  seeds  of  dengue  2  at  an  MOI  of  2. 

Following  22  hour  adsorption  the  inoculum  was  washed  off  and  replaced 
with  growth  media.  After  48  to  92  hours  the  cells  were  harvested. 

Enzyme  preparation  was  the  same  for  both  virus  infected  cell  types. 

The  media  was  poured  off  and  the  cell  monolayers  were  washed  twice  with 
lOcc  of  hypotonic  buffer  (Sreevalson  and  Yin,  1969).  One  cc  of  hyptonic 
buffer  was  then  placed  in  each  bottle  and  incubated  at  4°C  for  30  min. 


The  cells  were  then  scraped  of  the  wall  with  a  rubber  policeman,  pooled 
and  homogenized  in  a  glass  pestle  Dounce  homogenizer  with  30-35  strokes. 


The  homogenate  was  centrifuged  at  2000  g  x  5  min  and  the 
supernatant  was  removed  and  centrifuged  at  10,000  g  x  20  min.  Again, 
the  resulting  supernatant  was  removed  and  centrifuged  at  65,000  g  x 
180  min.  The  pellets  from  each  step  were  resuspended  In  hypotonic 
storage  buffer  (Sreevalsan  and  Yin,  1969),  and  aliquots  from  each 
supernatant  were  taken.  The  samples  were  frozen  and  stored  at  -70°c 
prior  to  being  monitored  for  CF  activity,  protein  content  (Lowry,  et  al, 
1951),  and  enzyme  activity. 

Enzyme  Reaction 

Most  of  the  enzyme  assays  wer  med  in  0,1  ml  quanti¬ 
ties  with  the  following  constituents:  10  to  lambda  of  an  enzyme 

preparation  and  0.05M  Tris  (hydromethyl)  aminomethane  (pH  8.0);  O.lMMg 
C 1 2 ;  0.01M  2b  mercaptoethanol ;  0.025  micrograms  actinomycin  D;  0.01M 
phosphoenolpyruvate;  4  micrograms  pyruvate  kinase;  10  micromoles  of 
ATP,  UTP,  CTP  and  guanosine  triphosphate  (lmc/mM)  (Levin  and 
Friedman,  1971). 

The  reactions  were  terminated  at  appropriate  times  with 
5?0  TCA  in  saturated  solution  of  sodium  pyrophosphate.  The  samples 
were  filtered  on  a  .45  micron  millipore  filter  with  exhaustive  washes 
of  5%  TCA.  The  filters  were  dried  in  a  60°  oven,  placed  in  scintil¬ 
lation  vials  containing  liquiflor  and  counted  in  a  Packard  liquid 
scintillation  counter. 

Batch  preparations  for  product  analysis  contained  the  same 
proportions  but  in  greater  quantities. 

Variations  in  the  various  components  of  the  reaction  mixture 
were  used  in  control  experiments. 

RNA  Extraction, 


The  RNA  extraction  was  performed  in  170  SLS  (0.1  or  NaCl, 
0.01M  Tris-HCl  pH  7.4;  and  0.001M  EDTA  with  cold  phenol  repeated  three 
times.  The  RNA  was  precipitated  out  of  the  acquous  phase  following 
the  addition  1/10  volume  of  2.5M  NaAc  pH  5.2  using  cold  957,  ethanol. 

The  RNA  was  pelleted  by  centrifugation  at  18,000  g  x  20  min  and  re¬ 
dissolved  in  0.001M  NaCi,  0.01M  Tris  MCI  pH  2.2,  and  0.001M  EDTA.  The 
samples  were  either  used  immediately  or  stored  at  -  20°c  until  use. 

Sucrose  Density  Gradients. 

Rate  zonal  centrifugation  was  performed  in  preformed  sucrose 
gradients.  Unless  otherwise  noted  the  gradients  were  20-57o  sucrose 
(w/v)  Ln  0.001  H5DTA,  0.01M  Tris  HCl  pH  7.2  and  0.1M  NaCl.  Following 


centrifugation  at  the  apprr  priate  g  force,  the  gradients  were  collected 
in  5  drop  (about;  200  lambda}  fractions  by  bottom  puncture  of  tubes. 

Some  gradients  were  collected  directly  into  scintillation 
vials,  dissolved  in  liquiflor  containing  1/20  volume  of  NCS,  and 
counted  as  total  counts. 

Acid  precipitable  counts  were  determined  by  tie  addition 
of  10  volumes  of  57  ICA,  and  collection  of  pre:ipitile  of  0,45  micron 
nitrocellulose  millipore  filters  which  were  then  dried  in  a  60°  oven. 

The  dried  filters  were  counted  in  a  PacKard  liquid  scintillation  counter 
following  the  addition  of  liquiflor. 

Polyacrylamide-agarose  e  lectrophores  i  s  of  RNA. 

Preparation  of  2,0/'  polyacrylamide.,  0.5°/  agir^se  gels 
(0,6  cm  x  7  cm)  was  performed  by  combining  15  ml  of  melted  1%  agarose 
(w/v)  with  15  microliters  of  N ,  N,  Nl,  l  etramethy  1  ethv lenediamine, 
and  15  ml  of  the  following  mixture:  0.72  ml  of  wo.ter;  5.28  ml  of  a 
stock  solution  containing  157.  acrylamide  (w/v)  and  0.757  N,  N^-methy- 
lene  bisacry lamide  (w/v);  and  12  ml  of  gel  buffer  (0.04M  Tris>  0.06M 
NaAc ;  0,003  MEDTA  pH  7.2).  Solidification  of  agarose  was  prevented 
by  mixing  the  reagents  at  45°c.  After  air  evacuation  0.3  mi  of  a 
fi.esh  solution  of  107  ammonium  persulfate  (w/v*  was  added  and  the 
mixture  rapidly  transferred  to  warm  glass  tubes,  rr  ,e  gels  were  stored 
in  electrophoresis  buffer  to  remove  excess  catalyst.  Prior  to  elec¬ 
trophoresis  the  uneven  tips  were  sliced  and  the  gels  were  replaced 
into  glass  tubes  which  had  one  end  capped  with  dialysis  tibing.  The 
sample  50-  100  micro]  iters  were  applied  to  the  gel  and  run  at  5  ma 
until  the  dye  front  reached  the  end  (60  min}.  The  gels  were  removed, 
frozen,  sliced  on  a  transverse  slicer  into  1.8  mm  sections,  placed  in 
scintillation  vials  containing  liquiflor  and  1/20  volume  of  NCS.  The 
gels  were  allowed  to  swell  overnight  and  then  wero  counted  in  a 
Packard  liquid  scintillation  counter. 

Results . 


Fraction  at  ion  of  Cells  and  Polymerase, 

The  virus  infected  cells  were  fractionated  into  nuclear 
(2000g),  mitochondrial  (10,000g)  and  microsomal  (65,000g)  fractions. 
The  enzymatic  activity  and  antigen  cf  each  fraction  was  monitored 
f'i’able  3?  and  34).  The  me. i  j r  portion  of  the  enzyme  was  found  in  the 
2,000ft  and  10,000g  frae  '-ns  with  the  highest  specific  activity  in  the 
Lw/jOOg  fraction.  Elec.tr- n  microscopic,  examination  of  these  fractions 
revealed  that  the  2,000g  pellet  contained  nuclei,  and  cytoplasmic 
fragments  tt  *c>ed  to  r  iclei.  The  lU,C00g  contained  .,:ewer  nuclei  but 
ar  odmixturc  o.L  srooth  and  rough  erdo ^lasmic  reticuiin,  Further 


Table  33 


Distribution  of  Polymerase  Activity  and  Antigen  from  a  Typical 
Extraction  of  JEV-lnfected  Chick  Embryo  Cells  from  8  Roller  Bottles. 
Sample  Number  Eight  Represents  a  10,000  x  g  Pellet  of  Uninfected  Cells. 


Net 

Protein 

Specific  Activity 
(cpm/mgm  x  10J) 

JEV 

cpm 

(mgm/ml) 

CF  Titer 

(1) 

Homogenate 

143 

1.97 

7.3 

1:64 

(2) 

600  g  Pellet 

5296 

3.50 

151 

1:512 

(3) 

600  g  Sup 

0 

1.83 

0 

1:16 

(4) 

10,000  g  Pellet 

1784 

0.625 

288 

1:512 

(5) 

10,000  g  Sup 

10 

0.45 

2.4 

1:8 

(6) 

65,000  g  Pellet 

0 

0.25 

0 

1:16 

(7) 

65,000  g  Sup 

50 

0.64 

16 

1:2 

(8) 

CEC  Cells 

1410 

4.8 

5.8 

0 

Table  34. 

The  Distribution  of  Polymerase  Activity  and  Antigen  in  a 

Typical  Extrac 

tion  of  dengue-2  Infected  LLC-MK2  Cells  from  30  -  32  oz.  Bottles. 


Fraction 

Net 

cpm 

Protein 

(mg/ml) 

Specific  Activity 
(cpm/mgm  x  10^) 

CF  Titer 

Anti-D2  Antl-SCF 

(1) 

Dounced  Cells 

507 

.47 

108 

- 

.  - 

(2) 

600  g  Pellet 

454 

.82 

56 

1:128 

1:8 

(3) 

600  g  Sup 

641 

.20 

320 

1:8 

1:2 

(4) 

10,000  g  Pellet 

1777 

.56 

317 

1:64 

1:16 

(5) 

10,000  g  Sup 

187 

.18 

102 

1:6*+ 

1:16 

*■ 
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Jouncing  and  recentrifugation  of  the  2,000  g  pc! io?  liiliu  to  signi¬ 
ficantly  reduce  the  amount  of  cytoplasmic  debris  >r  the  enzymatic 
activity. 


The  enzymatic  activity  found  in  these  fraction?  varied 
directly  with  the  total  protein  added  to  the  reaction  fixture  (Figure 

37). 


Reaction  Characteri  Stic?.. 

Both  JEV  and  dengue- 2  polymerases  required  MgM-,  Mn-M- 
could  not  be  substituted  and  all  three  triphosphates  were  required 
(Table  35). 


Table  35.  The  Effect  of  Incomplete  Media  on 
Polymerase  Reactions  of  .Japanese 
Encephalitis  and  dengue- 2  Viruses 


Incubation 

Dengue- 2 

J  EV 

Media 

cpm 

S122 

Comp Lete 

61? 

1286 

Without  Mg-F 

8S 

25  L 

Without  ATP 

13v 

160 

Without  CTP 

2 '50 

2 'it 

Without  UTP 

119 

:  so 

o  n  r> 

K  '  fW  J 


pv  fotmatuf 


es 


Kinetics 


JEV  polymerase  reaction  proceeds  in  close  to  a  linear 
pattern  over  the  first  two  hours  (Figure  37B) .  After  two  hours,  the 
reaction  rate  declines  and  frequently  there  is  less  acid  percipitable 
reaction  product  at  eight  hours  than  at  three  hours  (Figure  38A) , 

This  suggests  that  a  significant  proportion  of  the  reaction  product  is 
single  stranded  and  that  the  enzyme  preparation  contain::  significant 
levels  of  nuclease. 

In  contrast  the  dengue-2  polymerise  reaction  proceeds  with 
linear  kinetics  only  over  the  first  30  -  60  min  (Figure  37C).  The  rate 
decreases  for  the  next  30  mins  and  generally  lapses  into  a  negative 
phase  thereafter  (Figure  38B).  This  again  suggests  single  stranded 
RNA  and  nuclease. 

Products 


A.  Cell  Products 

A  small  amount  of  acid  precipitable  RNA  was  observed  in 
the  reaction  using  uninfected  LLC-MK2  cells  or  uninfected  chick  embryo 
cells.  This  material  was  phenol  extracted  and  precipitated  in  ethanol 
and  sedimented  by  rate  zonal  centrifugation.  The  products  produced 
by  these  normal  cells  did  not  sediment  and  did  not  overlap  with  the 
products  observed  from  infected  cells  (Figure  39  A  and  B) . 

B.  JEV  Polymerase  Products 

JEV  polymerase  generated  RNA  which  was  either  biphasic  or 
was  heterodispersed  by  rate  zonal  centrifugation.  The  most  interesting 
aspect  of  this  asymmetrical  pattern  was  that  the  asymmetry  was  in  front 
of  the  migrating  major  peak.  The  most  characteristic  peak  of  RNA 
generated  sedimented  at  about  22s  (Figure  40A).  When  a  distinct  second 
peak  was  observed,  it  was  about  a  26s  peak  (Figure  40B) .  When  the 
individual  fractions  were  treated  with  RNaso  after  rate  zonal  centri¬ 
fugation,  RNase  resistant  RNA  (double  stranded)  was  limited  to  the  22s 
peak  (Figure  40A  and  B) ;  quite  significantly,  the  pattern  of  radio¬ 
activity  in  the  gradient  becomes  symmetrical  following  RNase  treatment. 

When  the  polymerase  product  was  treated  with  RNase  prior 
to  rate  zonal  centrifugation,  the  double  stranded  ?>NA  migrated  as  a 
15s  peak  rather  than  a  22s  peak  (Figure  41)  . 

These  results  are  highly  suggestive  of  a  double  stranded 
replicative  form  (RF)  and  a  heterodispersed  partially  double  stranded 
replicative  intermediate  (RI). 
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KINETICS  OF  JEV  POLYMERASE 


Figure 

form 


a.  JEV  polymerase,  and 

b,  dengue- 2  polymerase. 

The  points  are  the  average  of  triplicate  samples. 
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NORMAL  CHICK  CELL 


TRACTION 


Figure  39.  A.  Suorose  gradient  distribution  of  polymerase  product 
rom  normal  chick  cell  extract;  0.48  mgm  extract  was  incubated 
with  enzyme  medium  for  120  minutes  at  37C,  Following  SLS-phenol 
extraction  and  ethanol  precipitation,  the  product  was  dissolved 
in  0.1  M  NaCI  and  placed  on  a  5  ml  20-57.  (w/v)  sucrose  gradient 
and  centrifuged  in  the  SWr65  rotoT  at  65,000  rpm  for  120  minutes. 

fi.  Sucrose  gradient  distribution  of  acid  precipitable 
counts  from  the  10,000  x  g  pellet  of  normal  LLC-MK2  cells;  0.5  mgm 
pellet  was  incubated  60  minutes  in  complete  media.  Following  SLS- 
piienol  extraction  and  ethanol  precipitation,  the.  resulting  sample 
was  placed  on  a  5  ml  linear  20-5%  sucrose  gradient  and  centrifuged 
at  65,000  rpm  for  120  minutes  in  an  SW-65  rotor. 
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rtV  Low  Sp. Pellet-3 
POLYMERASE  PRODUCT 


FRACTION 


Figure  40.  A.  Sucrose  gradient  distribution  of  acid  precipitable  and 
RNase  resistant  JEV  polymerase  product  from  a  2000  x  g  enzyme  pre¬ 
paration.  100  lambda  of  enzyme  was  reacted  with  complete  media, 
SLS-phenol  extracted  and  ethanol  precipitated.  The  redissolved 
RNA  was  layered  on  a  5.1  ml  20-57.  (w/v)  sucrose  gradient  and  centri¬ 
fuged  at  65,000  rpm  for  90  minutes  in  a  Beckman  SW-65  rotor.  Fractions 
were  split  into  two  100  lambda  aliquots  which  were  either  precipi¬ 
tated  with  57,  TCA  or  treated  with  RNase  (200  gamma/ml)  for  60  minutes 
at  37C  before  TCA  precipitation.  Arrows  indicate  relative  position 
of  marker  chick  cell  RNA. 

B.  Sedimentation  of  JEV  polymerase  product  in  5  ml  20-5% 
sucrose  gradient.  The  sample  was  prepared  as  in  MAM  ana  layered 
on  the  gradient;  centrifugation  was  at  65,000  rpm  in  the  SW-65 
rotor  for  120  minutes.  Individual  fractions  were  split  and  TCA 
precipitated  with  or  without  RNase  treatment. 


FRACTION 


Figure  41.  Distribution  of  JEV  polymerase  product  when  treated  with 
RNase  prior  to  centrifugation.  The  22s  peak  from  a  sucrose  gradient 
was  collected,  reprecipitated  in  ethancl ,  redissolved  and  split  into 
two  fractions.  One  fraction  was  diluted  with  distilled  water  and 
the  second  was  diluted  with  an  equal  volume  of  RNase  (200  gamma /ml) 
and  incubated  at  37(1  lor  60  minutes.  Both  samples  were  placed  in 
3  ml  20-57©  sucrose  gradients  and  centrifuged  .in  an  SW-65  rotor  at 
65,000  rpm  for  120  minutes,  collected  and  counted  as  acid  preci- 
pi table  counts. 


Further  confirmation  of  this  suggestion  was  provided  by 
gel  electrophoresis.  The  agarose-acrylamide  gels  separate  molecules 
on  the  basis  of  size  rather  than  the  complex  flotation  separation 
afforded  by  rate  zonal  centrifugation.  The  multis tranded  RI  would  be 
too  large  to  enter  the  gel  and  the  double  stranded  RF  would  migrate 
more  slowly  than  the  viral  RNA .  Figure  42  shows  one  such  an  electro- 
pherogram  of  JEV  polymerase  product  showing  the  predicted  distribution. 
Electrophoresis  on  more  porous  gels  resulted  in  less  apparent  RF  and 
(frequently)  a  trimodei  distribution  in  the  RF  region  (Figure  43A) . 

When  the  same  material  was  treated  with  RNase  before  electrophoresis, 
three  rapidly  migrating  peaks  were  observed  (Figure  4311).  This  was 
considered  consistent  with  the  results  with  rate  zonal  runs. 

Dengue  Products. 

The  dengue  polymerase  products  have  not  been  as  extensively 
characterized  as  the  .TEV  products.  The  general  trend  has  indicated 
similar  types  of  molecules  exist  in  dengue  polyinerase  product.  The 
pattern  in  rate  zonal  centrifugation  is  biphasic  with  22  and  26s  peaks 
(Figure  44),  Gel  electrophoresis  results  in  a  biphasic  distribution 
similar  to  JEV  (Figure  45) «  However,  we  have  been  unable  to  find  signi¬ 
ficant  quantities  of  RNase  resistant  RNA  in  the  dengue  product  (Figure  46), 

Discussion 


Our  analysis  of  2  group  R  polymerase  enzymes  indicates  the 
ability  to  generate  molecules  consistent  with  a  mu  1 1 is tranded  replica¬ 
tive  intermediate  and  a  double  stranded  replicative  form.  The  replica¬ 
tive  form  is  about  a  22s  molecule  which  is  converted  to  a  15s  molecule 
upon  RNase  digestion.  The  22s  molecule  has  also  been  described  in 
dengue  infected  cells  by  Stollar  (1967).  A  similar  effect  of  RNase  has 
been  documented  in  Sindbis  (Segal,  et  al,  1971),  poliovirus  (Baltimore, 
1966),  and  several  phage  (Erickson,  et  al,  1964). 

It  is  of  considerable  interest  that  upon  denaturotion  with 
DMSO  or  heat  the  15s  molecule  of  Sindbis  migrates  as  a  single  stranded 
26s  molecule.  A  hetered ispersed  replicative  intermediate  is  also  found 
in  the  group  B  polymerase  products.  These  molecules  tend  to  peak  about 
26s  although  this  is  variable.  The  presence  of  a  26s  Rl  which  should 
have  a  double  stranded  RNase  resistant  core  may  explain  the  observations 
of  Trent,  et  al  (1969)  in  St.  Louis  Virus,  who  found  that  the  U.  S. 
form  was  partially  RNase  resistant.  Further  che  two  molecules  which 
can  be  in  the  26s  region  of  a  gradient  (i.e.,  RI  and  interad jacent  RNA) 
of  arbovirus- infected  cells  may  explain  the  confusion  in  the  literature 
on  this  subject.  The  results  obtained  by  each  investigator  lepends 
upon  the  relative  amount  of  RI  or  single  stranded  26  RNA  present  under 
the  conditions  used  by  each  i nves t iga tor . 

At  the  present  time  we  have  little  or  no  evidence  of  42s 
RNA  (Form  incorporated  into  the  virion)  being  produced  in  our  reaction 
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JAPAN  LS£  CN^TPHAimS  VtAl'i  POLYMIRA^E  PRODUCTS 


Figure  42.  Electropherogram  of  JEV  polymerase  product  from  a 
2000  x  g  pellet  in  a  2%  polyacrylamide  gel  electrophoresed  at 
5  ma  for  60  min.  The  gel  was  fractionated  by  lateral  slicing 
and  counted  in  NCS- liquif luor .  Arrows  indicate  position  of 
marker  RNA  in  a  parallel  gel. 
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Figure  43.  Electropherogram  of  JEV  polymerase  product  in  1.5%  poly 
acrylamide-agarose, 

Electropherogram  of  JEV  polymerase  product  in  1.57* 
polyacrylamide  which  was  pretreated  with  RNase  (200  gamma/ml). 
Arrows  indicate  relative  position  of  marker 
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Figure  44.  Sedimentation  characteristics  of  dengue-2  polymerase 
product . 


a,  ^H-GTP  labeled  dengue  product  RNA  a.  j  ^C-Chick  cell 
RNA  were  co-run  in  a  5  ml  20-5%  sucrose  gradient  in  an  SW-50.1 
rotor  at  50,000  rpm  for  150  minutes. 


b.  Peak  fractions  of  the  polymerase  product  were  plotted 
on  a  straight  line  graph  established  by  the  standard  chick 
embryo  cell  RNA  (CEC^j^)  sedimentation  coefficients. 
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Figure  45.  Electropherogram  of 
dengue-2  polymerase  products 
following  electrophoresis  for 
60  minutes  in  2/d  acrylamide. 
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Figure  46.  Rate  zonal  distribution 
of  dengue  polymerase  product  RNA. 
Polymerase  product  was  prepared 
in  complete  media,  extracted  in 
SLS-phenol,  precipitated  in  etha¬ 
nol  and  redissolved  in  TNE  buffer. 
The  sample  was  layered  on  a  5  ml 
20-5%  sucrose  gradient  and  centri¬ 
fuged  in  a  SW50.1  rotor  at 
50,000  rpm  for  150  minutea.  The 
200  lambda  fractions  were 
divided  into  RNase  treated  and 
untreated  samples.  RNase  was 
20  gamma/ml  and  both  aliquots 
were  incubated  at  37C  for  60 
minutes . 


t  .  'Hi  is  could  be  !•:»  t<  "K  !  iseu  in  ♦  !  <*  or 

uneven  initiation  and  terminati  un  of  chains  such  as  in  bac  t  e  t  iophase 
'Richardson,  et  a  1  ,  1970;  Roberts,  et  al,  196^). 


The  information  on  RNA  products  ^.unora t  ed  by  t  in*  poly¬ 
merase  system  will  be  integrated  into  studies  of  sites  of  antigen  and 
protein  synthesis  in  infected  cells.  Species  of  RNA  assoc  t  au*d  with 
the  several  types  of  membranes  of  infected  cells  described  in  a  sepa¬ 
rate  section  above  will  be  characterized  by  the  methods  described  In 
this  section.  Tinallv,  as  an  attempt  to  determine  the  function  of 
itons true t ura  1  antigens  which  react  in  serological  tests,  antiserum 
against  these  antigens  can  now  be  tested  for  the  capacity  to  inhibit 
the  formation  of  polymerase  products. 


E.  Comparative  Structure  of  Arbovirus  by  Size  Analysis  of  Virion 
Polypeptides  and  Nucleic  Acids. 

Group  A  and  group  E  arboviruses  have  several  morphological , 
physical-chemical,  and  biological  similarities.  However,  the  estimated 
sizes  of  their  ribonucleic  acid  (RNA)  and  their  structural  polypeptides 
show  marked  differences.  Further  there  is  a  lack  of  agroo.mc:  '  among 
investigators  regarding  the  number  of  structural  polypepti  !«  .;  i.  the 
group  B  arboviruses.  These  conflicting  data  may  be  the  result  of 
either  a  ttue  structural  heterogeneity  among  arboviruses  m.  y  he  due 

to  variations  in  the  techniques  used  in  each  laboratory,  jus,  we  have 

compared  the  RNA  and  structural  polypeptides  of  sever.  t  onp  A  uni 
group  R  arboviruses  under  standard  experimental  coiulitu  -s  jo  odor  to 
resolve  the  differences  and  to  gain  some  insight  into  the  structural 
basis  for  the  serological  groups.  A  third  group  oi  arboviruses,  the 
liunyamwera  group,  which  contains  California  encephalitis  virus,  was 
examined  under  the  same  experimental  conditions  since  little  j ^  known 
at  the  molecular  level  about  this  important  group  of  viruses. 

Methods . 

Three  of  the  group  A  viruses  that  wo re  examined,  Sindbis, 
eastern  and  western  equine  encephalitis  were  propagated  in  primary 
chick  embryo  fibroblast  cell  culture  wnile  the  fourth,  ch i kunpunva 
was  propagated  in  an  established  line  of  baby  hamsler  kidney  ceils. 
(Several  of  these  agents  were  propagated  in  both  coll  types  and  no 
differences  in  their  polypeptide  composition  was  detected. )  Ceil 
cultures  in  32  oz  prescription  bottles  were  infected  at  a  multiplicity 
of  infection  (MOI)  of  approximat  1\  10  during  ar  adsorption  period  of 
one  hour  at  3b°C.  The  inocili  was  washed  off  the  cell  monolayers  by 
rinsing  them  live  times  wit  nks'  balanced  salt  solution  and  replaced 
with  medium  consisting  of  tv  per  cent  dialyzed  fetal  bovine  scrum  in 
modi  urn  19°  with  1/20  the  normal  level  of  amino  acids.  Alter  further 
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incubation  for  two  hours  in  order  to  allow  lor  conation  of  host 
protein  synthesis,  radioactive  amine  acids  and/or  uridine  was  added 
(3  mieroeuries/tnl  14C  or  30  microcuries/ml  :tt).  Maximum  production 
of  virus  by  the  infected  cells  occurred  at  12-15  hours.  The  radio¬ 
active,  infected  medium  was  harvested  at  lb  .hours  and  mixed  with  an 
equal  volume  of  saturated  ammonium  sulfate  to  precipitate  the  virus; 

30-90  fold  concentration  was  effected  by  resuspens ion  of  the  precipitate 
in  an  appropriate  volume  of  0,01  M  Tris  0,15  M  NaCl-0.001  M  EDTA 
buffer,  pH  7.6,  This  material  was  layered  onto  a  15-307,  sucrose 
gradient  and  centrifuged  at  25,000  rpm  for  three  hours.  The  radio¬ 
active  peak  just  below  the  center  of  the  gradient  (Sindbis  is  used  as 
an  example  in  Figure  47A,  top  panel)  was  previously  shown  to  contain 
the  majority  of  infectious  particles.  Aliquots  of  this  rate-zonal 
purified  virus  was  degraded  into  its  constituent  polypeptides  with 
17*  sodium  lauryl  sulfate  (SLS)  and  L70  2-mercapt oethanol  (2-ME)  at 
100°C  for  10  minutes  and  then  analyzed  by  polyacrylamide  gel  electro¬ 
phoresis  as  described  above. 

Radioactive  group  B  viruses  (Japanese  encephalitis,  dengue, 
tie  Asibi  and  French  neurotropic  strains  of  yellow  fever,  langat  and 
St.  Louis  encephalitis)  were  propagated  in  a  continuous  line  of  monkey 
kidney  cells  (LLOMK-2).  Maximum  production  of  group  B  viruses 
occurred  by  30  hours  after  infection,  taking  about  two  to  three  times 
as  long  to  replicate  as  those  in  group  A.  Further,  sufficient  quantities 
of  radioactive  virus  could  only  be  obtained  by  allowing  replication  to 
proceed  for  at  least  five  days  for  some  agents  (dengue,  yellow  fever 
and  Langat).  Infected  cells  were  maintained  in  0.27-  FBS  in  medium  199 
with  1/10  the  normal  level  of  amino  acids  plus  30  ue/tni  amino  acids 
or  3.3  uc/ml  amino  acids.  The  group  B  viruses  were  pelleted  from 
the  culture  medium  (78,000  x  g  for  three  hours  or  192,000  x  g  for  75 
minutes)  and  concentrated  50  to  100  fold  by  resuspension  in  Tris-saline- 
EDTA  buffer,  pH  8.2.  Resuspension  was  facilitated  by  sonication  in  a 
sealed  tube  at  full  power  (10KC)  in  a  Raytheon  apparatus.  Virions  of 
each  group  L  virus  were  isolated  in  5-257  or  5-357,  sucrose  gradients 
centrifuged  for  3,0  to  3.5  hours  at  63,000  x  g,  similar  to  rate-zonal 
centrifugation  shown  in  the  JEV-protein  section  above.  However,  for 
purposes  of  comparing  group  A  and  group  B  sedimentation  characteristics, 
dengue-2  'group  B)  was  co-sedimented  with  Sindbis  (group  A)  on  a  15- 
30%  sucrose  gradient  (Figure  47,  top  panel).  Group  A  virions  reproducibly 
sediment  faster  than  those  in  group  3.  Degradation  of  the  sucrose  puri¬ 
fied  virions  was  carried  out  with  SLS  and  2-ME  and  analyzed  on  poly¬ 
acrylamide  gels  as  described  above. 

California  encephalitis  virus  and  the  related  agents, 

Tahyna  and  Bunvamwera,  were  propagated  in  chick  embryo  cell  culture 
as  were  the  group  A  agents  except  at  an  MOI  of  0.1  to  i.  Adsorption 
time  was  1.5  hour  after  which  the  inoculum  was  washed  out  and  replaced 
with  amino  acid  deficient  medium  as  described  for  the  group  A  viruses. 
Radioactive  amino  acids  were  added  four  hours  later  rather  than 


immediately  after  the  end  of  the  absorption  period  because  of  the 
lower  MOI.  The  radioactive,  infected  cell  culture  medium  was  har¬ 
vested  at  the  first  sign  of  CPE,  usually  two  to  three  days  later,  and 
viral  products  were  concentrated  and  purified  in  15-30%  sucrose 
gradients  in  the  same  manner  as  the  group  A  agents.  Under  these  con¬ 
ditions  (63,000  x  g  for  three  hours),  the  Bunyamwera  group  agents 
(Bunyamwera,  California  and  Tahyna  virions)  sedimented  near  the  bottom 
of  the  gradient  while  the  group  A  agents  sedimented  much  slower.  An 
example  is  given  in  Figure  47,  bottom  panel)  where  California  (BFS- 
283)  virions  were  sedimented  under  the  same  conditions  as  Sindbis  virions. 
Clearly,  sedimentation  characteristics  al^ne  compartmentalize  at  least 
some  of  the  members  of  the  major  groups  of  arthropod-borne  viruses. 

Results. 


Polyacrylamide  gel  electrophoresis  of  SLS-degraded ,  sucrose 
purified  virions  reveal  similarities  of  each  of  the  members  of  the  major 
serogroups  at  the  molecular  level.  The  group  A  virions  of  WEE,  EEE, 
Sindbis  and  Chikungunya  preparations  contain  two  polypeptides  when  ana¬ 
lyzed  under  these  conditions  (Figure  48).  Strauss  and  Burge  (1968) 
determined  that  the  two  polypeptides  of  Sindbis  virus  had  molecular 
weights  of  50,000  and  30,000,  Since  these  values  are  generally  accepted 
as  correct,  the  present  data  suggest  that  the  four  group  A  viruses 
examined  here  each  contain  two  polypeptides  with  molecular  weights  of 
50,000  and  30,000  daltons. 

When  sucrose-purified  virions  were  treated  with  a  non¬ 
ionic  detergent  (NP-40)  as  described  in  the  JEV  section  above,  and 
resedimented  through  another  sucrose  gradient  shown  in  the  following 
section  (VII  A),  a  dense  RNA-rich  particle  was  obtained.  Degradation 
of  this  particle  with  SLS  and  2-ME  followed  by  analysis  on  polyacry¬ 
lamide  gels  resulted  in  only  one  peak  of  radioactivity;  this  peak  was 
shown  to  co-electrophorese  with  the  30,000  MWT  protein.  Thus,  the 
smaller  of  the  two  proteins  is  termed  the  Mcore"  protein  and  the  larger, 
50,000  MWT  protein,  having  been  removed  by  the  detergent,  is  called  the 
"coat"  protein. 

Polyacrylamide  gel  electrophoresis  of  ^SLS  degraded  group  B 
virions  generally  reveals  three  polypeptides  (Figures  49  and  50).  The 
small  radioactive  peaks  to  the  left  of  the  largest  peak  (and  largest 
protein)  of  St.  Louis  encephalitis  and  yellow  fever  viruses  probably 
represent  aggregates  that  "hang  up"  near  the  top  of  the  gel  where  the 
sample  is  applied.  The  largest  and  smallest  of  the  three  proteins 
of  these  group  B  virions  are  considered  "coat"  proteins  since  nonionic 
detergents  remove  them  from  the  virion  surface.  Following  the  deter¬ 
gent  treatment,  a  dense  RNA-rich  "core"  isolated  as  described  and  shown 
in  the  JE  protein  section  above,  contains  only  the  middle  of  the  three 
peaks  shown  in  Figures  49  and  50.  This  core  protein  has  now  been 
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Figure  uh.  Polyacrylamide  gel  electrophoresis  of  sodium  lauryl 
sulfate  degraded,  radioactive  group  A  virions;  migration  is 
from  lei t  to  right.  The  larger  peak  is  the  surface  or  McoatM 
protein  (50,000  dal  tons  and  the  smaller  peak  is  the  internal 
or  "core"  protein  (30,000  daltons). 
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Figure  49.  Polyacrylamide  gel  electrophoresis  of  SLS  degraded, 
radio-active  group  B  virions;  migration  is  from  left  to  right. 
The  largest  and  smallest  peaks  are  surface  (coat)  proteins  and 
the  center  peak  is  the  internal  (core)  protein. 
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Figure  50.  Polyacrylamd.de  gel  electrophoresis  of  SLS-degraded, 
group  B  virions.  Japanese  encephalitis  virion  proteins  were 
coelectrophoresed  with  Sindbis  virion  proteins  as  standard 
markers  (lower  panel). 
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documented  for  dengue,  JEV,  SLE  viruses;  it  is  assumed  that  the  other 
group  B  agents  are  the  same. 

Approximate  molecular  weights  were  assigned  to  the  three 
structural  polypeptides  of  JE  by  coelectrophoresis  with  the  two  struc- 
tural  polypeptides  of  Slndbis  virus  now  accepted  as  standard  molecular 
weight  markers  (Figure  50,  lower  panel).  The  size  of  the  major  JE 
coat  protein  is  very  close  to  the  Slndbis  coat  protein,  being  slightly 
larger  (53,000  daltons  compared  to  the  50,000  Slndbis  marker).  However, 
the  core  protein  of  JE  is  very  much  smaller  than  the  group  A  core 
protein  (13,500  daltons  compared  to  the  30,000  Slndbis  marker).  By 
extrapolation  the  minor  JE  coat  protein  is  approximately  8,700  daltons. 

The  virion  polypeptides  of  several  group  B  arboviruses  have 
been  described  by  other  investigators:  Those  of  dengue-2  virus  by 
Stollar  (1969);  Kunjin  virus  by  Westaway  (1969);  and  St.  Louis  ence¬ 
phalitis  virus  by  Trent  (1971).  There  are  reproducibly  three  size 
classes  of  polypeptides,  but  the  estimates  of  molecular  weights  for 
each  size  class  vary  considerably  among  the  different  laboratories: 

7,500  to  13,000  daltons  for  the  small  surface  protein,  13,000  to 
18,000  daltons  for  the  internal  or  "core"  protein,  and  53,000. to  65,000 
daltons  for  the  large  surface  protein.  Because  analogous  findings  for 
different  strains  of  pollovirions  have  been  taken  as  evidence  for  variable 
post-translational  cleavage,  it  was  of  Importance  from  both  mechanistic 
and  taxonomic  views  to  determine  the  actual  variation  in  group  B  virion 
polypeptides.  The  virions  were  dissociated  with  SLS  and  2-ME,  mixed 
two  at  a  time  and  analyzed  by  coelectrophoresis  on  polyacrylamide 
gels.  Differences  in  mobility  were  assumed  to  be  related  to  changes 
in  molecular  weight,  although  recent  studies  have  Indicated  that  both 
charge  and  lipid  binding  can  slightly  Influence  mobility  even  in  SLS- 
contalnlng  gels.  Furthermore,  since  the  large  surface  protein  in  a 
glycoprotein,  the  exact  significance  of  mobility  changes  is  unclear, 
but  growth  of  all  viruses  in  the  same  host  cell  would  minimize  effects 
due  to  carbohydrate  variation. 

Figure  51  represents  coelectrophoresls  of  JEV  with  dengue-2 
and  SLE  virion  proteins.  All  three  viruses  have  very  similar  size  poly¬ 
peptides  with  a  variation  in  molecular  weight  of  less  than  10  per  cent 
(Table  36);  the  polypeptldies  starting  with  the  smallest  are  designated 
V  (vlrlon)-l,  V-2  and  V-3.  By  contrast,  coelectrophoresis  of  a  tick- 
borne  group  B  arbovirus,  Langat  (TP-21),  with  JEV  reproducibly  reveals 
that  the  Langat  small  surface  protein  (V-l)  migrates  more  slowly, 
indicating  a  12  per  cent  Increase  in  molecular  weight  (Figure  52,  upper 
panel,  and  Table  36).  Russian  Spring  Summer  Encephalitis  (RSSE)  virus, 
another  tick-borne  agent,  possessed  a  V-l  of  essentially  identical 
mobility  to  Langat  (Figure  52,  lower  panel). 
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Table  36 


Molecular  Weight  Estimates  ot 
Group  B  Virion  Polypeptide* 


V-l 

V-2 

V-3 

JE 

8.7 

13.5 

53 

SLE 

8.7 

14.5 

50 

DEN- 2 

8.7 

13.5 

54 

TP- 21 

9.7 

13.5 

54 

RSSE 

9.7 

13.0 

54 

YF  (FNT) 

9.0 

16.0 

51 

YF  (Asib) 

9.0 

16.0 

51 

*  Relative  to  JE  polypeptides. 


When  a  member  of  a  different  group  B  subgroup,  yellow 
fever,  was  examined,  a  major  difference  was  found  in  the  9ize  of  V-2, 
the  core  polypeptide:  coelectrophoresis  of  French  neurotropic  yellow 
fever,  a  nonvirulent  strain,  with  JEV  (Figure  53,  upper  panel) 
indicated  that  the  former  possessed  a  V-2  with  significantly  slower 
mobility,  suggesting  a  molecular  weight  increase  of  19  per  cent 
(Table  36),  Similarly,  a  virulent  strain  of  yellow  fever,  Asibi,  had 
a  V-2  very  similar  to  that  of  the  French  neurotropic  strain  (Figure 
53,  lower  panel,  and  Table  36). 

All  group  B  arboviruses  so  far  studied  have  three 
analogous  virion  polypeptides,  indicating  a  fundamentally  similar 
structure  for  all  of  them.  Despite  this,  two  major  shifts  in  molecular 
weights  have  been  found:  (1)  V-l,  the  small  coat  protein,  is  about 
127,  larger  in  tick-borne  viruses  than  in  nontick  borne  viruses;  and 
(2)  the  core  protein  is  about  207.  larger  in  yellow  fever  viruses  than 
in  other  group  B  agents.  Thus,  even  subgroups  within  the  group  B 
complex  may  have  a  unique. size  class  of  polypeptide  as  reflected  either 
in  the  core  protein  or  one  of  the  surface  proteins.  The  virion  poly¬ 
peptides  comprise  about  75,000  daltons,  corresponding  to  only  about 
25 /c  of  the  coding  capacity  of  the  viral  genome.  Since  there  is  little 
variation  in  the  size  of  the  major  coat  protein,  the  substantial  varia¬ 
tion  in  molecular  weight  of  the  smaller  analogous  polypeptides  does  not 
imply  any  changes  in  the  size  of  the  genome  and  is  consistent  with 
ambiguous  post- translational  cleavage. 

Viral  RNA. 

In  order  to  compare  the  relative  size  of  group  A  and  group 
B  genomes,  radiolabeled  viral  RNA  was  extracted  from  sucrose  gradient 
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Figure  53.  Coelectrophoresla  of  Japaneae  encephalltia  virion  (JEV) 
proteins  with  those  of  French  neurotropic  yellow  fever  (YF,  upper 
panel)  and  coelectrophoreala  of  Aaibl  yellow  fever  virion  proteins 
with  those  of  French  neurotropic  strain  (lower  panel). 


_  340 


purified  virions  by  the  SLS-phenol  method  >:«  »crihcd  i  1  Lhe  polymerase 
section  above.  Extracted  RNA's  were  mixed  with  similarly  purified 
Sindbis  RNA  and  el ectrophorcsed  in  2.07.  pel vacry lami de-agarose  gels. 

The  RNA's  of  all  of  the  examples  of  group  A  and  group  B  viruses 
migrated  with  the  Sindbis  RNA  (Figure  54).  This  established  that  the 
genome  of  all  of  the  arboviruses  studied  have  genomes  of  similar  size. 
Occasionally,  some  displacement  of  the  peak  fractions  in  relation  to 
Sindbis  occurred.  This  displacement,  however,  was  not  consistent  and 
prolonged  electrophoresis  did  not  lead  to  further  separation.  While 
these  experiments  establish  that  the  arboviruses  have  genomes  of  the 
same  magnitude,  they  do  not  preclude  the  existence  of  minor  differences 
which  might  be  resolved  with  more  sensitive  techniques. 

The  molecular  weight  of  Sindbis  R\A.  used  in  these  studies 
as  the  reference  arbovirus  RNA,  was  determined  by  using  chick  cell 
ribosomal  RNA  as  a  marker  (Peacock  and  Dingman,  1%3;.  Our  determina¬ 
tions  ranged  from  3.7  x  10^  to  4.2  x  10^  dal  tons  with  a  mean  of  3.9  x 
10^  daltons  for  the  molecular  weight  of  Sindbis  RNA  (Figure  55), 

Finally,  polyacrylamide  gel  electrophoresis  of  the 
Bunyamwera  group  virions  is  depicted  in  Figure  56).  These  viruses  also 
have  three  structural  polypeptides  as  do  the  group  h  viruses,  but  they 
are  of  a  completelv  different  size  class.  Sindbis  marker  proteins 
(group  A)  are  shown  in  the  upper  panel  and  may  be  compared  with  the 
Sindbis- JEV (Group  B)  co-run  in  a  previous  figure.  Which  of  these 
proteins  is  associated  with  the  virion  "coat’'  or  nucleic  acid  "core" 
has  yet  to  be  determined. 

These  invest  ! ga t  ions  have  clear lv  si, own  that  the  virions 
of  the  major  serogroups  of  arthropod-born*:  viruses  have  unique  poly¬ 
peptide  compositions  which  can  b^vc  as  a  beginning  for  explaining  at 
the  molecular  level  the  structural  basis  lor  the  interrelationships 
among  the  members  of  these  groupr.  These  data  ccufirm  and  extend 
the  previous  impressions  of  structural  homogeniety  within  serologic 
groups  gained  from  physical,  chemical  and  serological  techniques. 


VII.  Antigenic  Analysis  of  Arboviruses 

A.  Radio- immune  Prei ini  tat  ion  of  group  A  Arbovirus  Antigens. 

Arbovirus  serology  has  been  cumbersome  in  most  laboratories; 
serological  int erpretation  is  oft  in  complicated  by  intra-group  reacti¬ 
vity,  closely  related  (antigenic)  virus  complexes  within  groups  and  a 
low  degree  ol  individual  virus  type  specificity.  Investigation  of 
purified  type  specific  and  group  reactive  antigens  of  arboviruses  was 
initiated  to  understand  their  immunological  r« activity. 
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Figure  54.  Comparison  of  the  ribonucleic  acid  (RNA)  extracted  from 
purified  Slndbls  virions  with: 

a.  Eastern  equine  encephalitis  (EEE)  RNA; 

b.  Japanese  encephalitis  virus  (JEV)  RNA; 

c.  Western  equine  encephalitis  (WEE)  RNA;  and 

d.  Dengue- 2  RNA. 


COUNTS  PER  MINUTE 


Figure  55,  Coelectrophoresis  on  a  polyacrylamide-agarose  gel  of  Sindbis 
virus  ribonucleic  acid  (RNA)  and  chick  embryo  cell  (CEC)  ribosomal  RNA. 


Figure  56.  Polyacrylamide  gel  electrophoresis  of  SLS-degraded 
Bunyamwera  group  virions;  migration  is  from  left  to  right. 
Sindbis  virion  proteins  (group  A)  were  used  as  markers  in  a 
co-run  with  California  encephalitis  virion  (CEV)  proteins  in 
the  top  panel. 


Studies  reported  herein  include  an  examination  of  the 
antigenic  interrelationships  of  Sindbis  (SIN),  Western  and  Eastern 
equine  encephalitis  (WEE  and  EEE)  viruses  using  radio- immune  precipi¬ 
tation  (RIP)  techniques.  These  three  representatives  of  the  group  A 
arboviruses  have  been  previously  demonstrated  to  contain  only  two 
structural  proteins  of  similar  molecular  weights  (Annual  Report  1970) 
and  share  other  common  characteristics. 

Materials  and  Methods 


Virus  Strains.  All  stock  virus  suspensions  used  as 
infective  inoculum  consisted  of  207>  infected  suckling  mouse  brain 
suspensions.  The  Cambridge  strain  of  EEE,  MacMillan  strain  of  WEE 
and  Sindbis  strain  AR339  were  used  exclusively. 

Cell  Culture  and  Virus  Propagation.  Primary  chick 
embryo  cell  fibroblast  cultures  were  prepared  from  10-day  embryonated 
hen’s  eggs  and  grown  in  32  oz  prescription  bottles  using  lactalbumin 
hydrodlydate  medium  with  Earles’  balanced  salts,  supplemented  with  57, 
fetal  bovine  serum  and  antibiotics.  Confluent  monolayers  were  in¬ 
fected  with  a  multiplicity  of  infection  of  10,  the  infective  inoculum 
removed  after  one  hour  adsorption  and  virus  containing  supernatant 
fluids  harvested  14-16  hours  post  infection. 

Radioisotopic  Labeling.  In  preparing  radioactive  virus 
suspensions  either  carbon^  or  tritium  labeled  L-amino  acid  mixtures 
(New  England  Nuclear,  Boston,  Mass.)  were  added  to  infected  cultures 
containing  Medium  199  without  added  amino  acids  and  27  dialyzed  fetal 
bovine  serum.  Final  concentrations  of  radioactivity  added  were  10 
microcuries  per  ml  for  labeled  preparations  and  1  microcurie  per  ml 
for  14C. 


Virus  Concentration  and  Purification.  Infected  cell 
culture  harvests  were  clarified  by  centrifugation  at  4000  x  g  for  20 
minutes  prior  to  concentration.  Clarified  virus  suspensions  were 
precipitated  by  the  dropwise  addition  of  sufficient  cold  saturated 
ammonium  sulfate  solution  to  yield  a  final  concentration  of  607*  Satu¬ 
rated  ammonium  sulfate  solutions  were  adjusted  to  pH  7,4  with  l  M  Tris 
prior  to  use.  Precipitated  virus  suspensions  were  mixed  for  30  minutes 
at  4°C  and  centrifuged  at  16,000  x  g  for  30  minutes.  The  resultant 
precipitate  was  resuspended  in  TS.  buffer  (  0.01M  Tris-HCl  pH  7.4, 
0.15M  Na  Cl,  0,00lM  EDTA)  to  yield  a  final  concentration  of  30-50  times 
original. 


Purified  virions  were  obtained  by  rate  zonal  centrifuga¬ 
tion  of  the  concentrated  virus  in  30  ml  15-307.  sucrose  gradients  on 
a  707  sucrose  cushion;  1. 2-2,0  ml  samples  were  layered  on  top  and 
centrifuged  at  65,000  x  g  for  three  hours  in  the  Beckman  25.1  rotor. 
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One  ml  fractions  were  collected  through  a  puncture  in  the  bottom  of  the 
tube  and  assayed  for  radioactivity  and  infectivity;  peak  infective 
virus  was  usually  found  in  fractions  10  to  13. 

Assay  Methods.  Infectivity  was  determined  by  plaque 
assay  on  primary  chick  embryo  cell  monolayers.  Plaque  reduction 
neutralization  tests  consisted  of  incubating  approximately  100  plaque 
forming  units  with  dilutions  of  antisera  at  37°C  lor  30  minutes,  and 
following  plaque  assay,  calculating  on  profit  paper  the  dilution  of 
antisera  that  neutralized  507.  of  the  plaque  dose.  Hemagglutination 
tests  were  performed  by  a  microtiter  modification  of  the  method  of  Clark 
and  Casals,  using  borate  saline  pH  9.0  and  male  goose  erythrocytes. 
Sindbis  virus  hemagglutinin  was  assayed  at  pH  5.S  while  WEE  and  EEE 
hemagglutinins  were  assayed  at  pH  6.0  and  6.2,  respectively.  Hemag¬ 
glutination  Inhibition  procedures  utllzed  acetone  extracted  antisera. 
Complement- fixation  tests  were  performed  according  to  the  method  of  the 
Department  of  Serology,  WRATR. 

Preparation  of  Antisera.  Mouse  hyperimmune  ascitic  fluids 
(MHAF)  were  prepared  as  described  in  previous  annual  reports  using 
Sarcoma  180  cells  for  the  induction  of  ascites.  Antiserum  to  mouse 
serum  was  prepared  in  rabbits  by  two  intradermal  1  ml  injections  of 
mouse  serum  mixed  in  equal  proportions  with  Freund's  complete  adjuvant. 
Injections  were  given  one  month  apart  and  animals  bled  by  cardiac 
puncture  10  days  following  the  last  injection. 

Radio- immune  Precipitation.  Radio-immune  precipitation 
procedures  were  essentially  the  same  as  those  described  in  the  previous 
annual  report,  employing  0.05  ml  test  antigen,  0.05  ml  diluent  or 
inhibitor,  0.05  ml  anti-virus  antibody  and  0.05  ml  anti-mouse  serum. 

RIP  inhibition  tests  utilized  a  two-hour  prelrcubation  of  inhibitor  and 
anti-virus  antibody  prior  to  the  addition  of  the  remaining  reagents. 

Results. 


Homologous  RIP  Reactions.  The  precipitation  of  a  con¬ 
stant  amount  of  radioactive  virion  over  a  broad  series  of  antiserum 
(hyperimmune  mouse  ascitic  fluid)  dilutions  is  shown  in  Figure  57A. 
Reduced  precipitation  observed  at  low  ascitic  fluid  dilutions  apparently 
resulted  from  ascitic  fluid  excess  since  precipitation  at  these  dilu¬ 
tions  could  be  increased  upon  the  addition  of  higher  concentrations  of 
anti-mouse  serum.  A  plateau  of  1007.  precipitation  indicated  that  all 
radioactivity  wa3  antigen  associated.  The  linear  decrease  in  per  cent 
precipitation  observed  at  higher  dilutions  of  ascitic  fluid  reflected 
the  antibody  titer  of  the  ascitic  fluid  and  not  anti-mouse  serum  excess 
since  the  addition  of  normal  ascitic  fluid  did  not  increase  precipitation. 
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Figure  57.  A.  Radioinnune  precipitation  (RIP)  of  H-WEE  virus  with 
WEE  hyper  iasnune  mouse  ascitic  fluid  (IMAP)  dilutions  using  1:20  anti* 
mouse  serum. 

B.  Effect  of  varied  WEE  virus  concentration  on  RIP  with 
WEE  HMAF.  Antigen  concentrations  shown  consisted  of  undiluted,  1:2, 
1*4  and  1:8  dilutions  of  a  single  WEE  virion  preparation. 
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The  comparative  sensitivity  of  the  RIP  test  is  shown 
in  Table  37.  The  antibody  titers  of  the  three  inmune  ascitic  fluids 
were  approximately  equal  by  both  CF  and  HAI.  Both  EEE  and  WEE  virus 
immune  ascitic  fluids  were  tenfold  higher  titered  than  Sindbis  immune 
ascitic  fluids  in  both  neutralization  and  RIP.  The  RIP  test  appeared 
the  most  sensitive  and  both  neutralization  and  RIP  resulted  in  hundred¬ 
fold  increases  in  antibody  titer  over  CF  and  HAI. 


Table  37. 

COMPARATIVE  HOMOLOGOUS  ANTIBODY  TITERS  OF  MOUSE 
HYPERIMMUNE  ASCITIC  FLUIDS 


SEROLOGICAL 

TEST 

VIRUS 

CF1 

HAI2 

NEUT3 

RIP4 

Sindbis 

12.8 

6 . 4 

100 

200 

WEE 

12.8 

12.8 

1000 

2000 

EEE 

12.8 

12.8 

1000 

2000 

(All  titers  *=  1/AF  Dilution  x  10^) 

*  Complement  fixation. 

2  Hemagglutination  inhibition. 

3  Plaque  reduction  neutralization  (507.) 

^  Radio-immune  precipitation. 


Increased  sensitivity  demonstrated  by  RIP  was  found  to 
be  dependent  on  the  antigen  concentration  employed.  The  effect  of 
varying  antigen  concentration  on  the  per  cent  precipitation  is  shown  in 
Figure  57B.  Increasing  antigen  concentration  served  to  effectively 
reduce  both  the  plateau  and  the  507,  RIP  antibody  endpoint  of  the  inmune 
ascitic  fluid. 

The  relationship  of  antigen  concentration  and  per  cent 
precipitation  at  a  constant  antiserum  dilution  is  shown  in  Figure  58A. 

Per  cent  precipitation  decreased  linearly  with  increasing  virus  concentre 
tion  over  a  100-fold  range.  The  uniform  slope  of  the  resultant  line 
indicated  a  direct  relationship  between  the  per  cent  RIP  at  a  constant 
antiserum  dilution  and  the  antigenic  mass  of  the  virus  preparation. 
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A  homo  logons  KIP  inhibition  ns  in*;  varying  dilutions  oi 
un  labeled  Sindbis  virus  as  inhibitor  is  shown  in  Figure  58B.  The  100^ 
inhibition  observed  at  low  dilutions  of  inhibitor  demonstrates  that 
RIP  reactions  can  he  completely  inhibited  whereas  the'  linear  portion 
of  the  curve  illustrates  the  relationship  between  per  cent  inhibition 
and  inhibitor  concentration. 

Heterologous  KIP  Reactions.  Antigenic  rel  itienships  of  the 
three  viruses  and  their  respective  antisera  wire  examined  using  KIP 
procedures  (Figure  59).  Homologous  RIP  titers  were  always  evident  far 
beyond  the  dilution  range  exhibiting  cross  *  react i ons .  Cross-reactions 
were  demonstrated  between  WEE  antiserum  and  Sindbis  virus  and  with 
Sindbis  antiserum  and  WEE  virus.  However,  neither  of  these  antisera 
reacted  with  EEE  virus  preparations.  Eastern  immune  ascitic  fluid 
appeared  specific  inasmuch  as  no  reaction  with  either  Sindbis  or  WEE 
virus  was  detected.  These  data  illustrate  the  closer  antigenic  re¬ 
lationship  of  WEE  and  Sindbis  compared  to  EL!  virus. 

The  effect  of  antigen  concentration  on  KIP  cross-reactions 
was  investigated  using  Western  immune  ascitic  fluid  and  the  cross- 
reacting  Sindbis  virus  (Figure  b0).  At  low  ant igen  concentrations 
(1  unit)  precipitation  approached  100?  but  decreased  as  antigen  concen¬ 
tration  was  increased.  At  high  concentrations  ol  unttp«-n  i  3 2  units) 
less  than  20?  precipitation  was  achieved  over  the  entii**  dilution  range. 

Of  particular  interest  was  the  observation  that  i r *. erim  d i a te  Sindbis 

virus  concentrations,  the  precipitation  curve  appear  d  hi  phasic  with 
maxima  at  ascitic  fluid  dilutions  of  1:100  and  1:1000. 


A  detailed  examination  of  the  homo!og<uiks  WEI  reaction 
and  the  heterologous  reaction  with  Sindbis  virus  was  c  inducted  using 
multiple  small  increment  dilutions  of  WEE  immune  ascitic  fluid 
(Figure  61A).  Three  separable  regions  of  antibody  activity  were  demon¬ 
strated.  The  homologous  reaction  of  Western  immune  ascitic  tluid 
with  WEE  virus  was  detectable  at  a  dilution  range  greater  than  that 
cross  reacting  with  Sindbis  virus.  Precipitation  in  this  region 
(Region  Ill)  appeared  specific.  The  RIP  reaction  with  the  cross¬ 
reacting  Sindbis  virus  yielded  a  region  of  reaction  at  low  dilutions 
of  the  antiserum  (Region  1)  which  resembled  t he  cross-reactions  observed 
using  equivalent  antigen  concentrations  (Figure  59),  The  second  peak 
of  the  biphasic  cross- react  ion  curve  (Region  II)  could  only  be  demon¬ 
strated  using  selected  concentrations  of  Sindbis  virus. 

The  specificity  of  the  antibody  described  in  each  of  the 
three  regions  was  examined  by  inhibition  of  the  RIP  reaction  using 
unlabeled  virion  preparations  (Figure  6 1 B) .  WEE  virus  completely  inhi¬ 
bited  the  homologous  WEE  RIP  in  Region  III  while  Sindbis  and  EEE  viruses 
inhibited  only  slightly.  All  three  viruses  inhibited  greater  than  50/ 
of  the  cross-reaction  in  Region  II  yet  only  Sindh  ir.  and  WEE  viruses 
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Figure  58.  A.  Relationship  of  virus  infectivity  <antigen  concentration) 
and  percent  radioiiaune  precipitation.  Slndbis  hyperimune  souse 
ascitic  fluid  (IMAF)  at  1:10,000  dilution  was  constant  in  all  RIP 
reactions. 

B.  Inhibition  of  homologous  RIP.  Inhibition  of  SOX  precipi¬ 
tation  of  3H-Sindbis  virus  by  dilutions  of  unlabelled  Slndbis  virus. 
Slndbis  IMAF  was  used  at  a  1:10,000  dilution. 


35G 


*;r  fi. a.* 


10  2.0  JO  40 

LO<a  l/AF  DILUTION 


Plgure  60.  Effect  of  varying  antigen  concentration  on  radioisune 
cro88  reactions.  WEE  hyper  iMune  souse  ascitic  fluid 
dilutions  were  reacted  with  two-fold  dilutions  of  a  Sindbis  virion 
preparation. 


Figure  61.  A.  Three  regions  of  antibody  reactivity  in  WEE  hyperionune 
mouse  ascitic  fluid. 

B.  Radiolnmine  precipitation  (RIP)  inhibition  of  the  three 
regions  of  antibody  reactivity.  Inhibition  reaction  employed  the 
addition  of  unlabelled  virion  suspensions  to  the  appropriate  dilutions 
yielding  50%  RIP  in  each  of  the  three  regions.  Maximum  inhibition 
resulting  from  the  addition  of  from  10?  to  10^°  PFU  of  the  respective 
cold  (unlabelled)  viruses  is  listed  as  a  percentage. 
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exhibited  significant  inhibition  in  Region  I.  Inhibition  of  the  Sindbis 
cross  reaction  in  both  regions  I  and  II  was  unexpected  since  these  dilu¬ 
tions  of  Western  immune  ascitic  fluid  contained  considerable  specific 
WEE  virus  antibody  excess. 

Diiferential  RIP  of  Virus  "Core"  Particles  and  "Coat1* 
Protein.  Virus  "cores'1  and  "coat"  (surface)  protein  were  produced  by 
treatment  of  purified  virion  suspensions  with  the  noni  mic  detergent 
NP-40  and  each  component  isolated  in  relatively  pure  form  by  rate 
zonal  centrifugation  in  sucrose  gradients  (Figure  62A).  The  peak  labeled 
"A"  near  the  bottom  of  the  gradient  is  prohablv  residual  undegraded 
virion  since  it  contained  most  of  the  infer tivi tv;  further,  polyacry¬ 
lamide  gel  electrophoresis  of  this  fraction  revealed  tw»  poiypept i des 
(Figure  62b)  typical  thu  intact  Sindbis  virion  c  *  v-\\  >s  i  t  i  on  described 
by  Strauss,  et  al  (1%8).  Hie  sucrose  gradient  peak  lubtled  "B" 
in  the  center  of  the  gradient  is  probably  the  "core"  since  it  is  a 
sedimentable  structure  containing  nucleic  icid  as  measured  hv  incorpo- 
ration  of  radioactive  uridine  (not  shown';  acr*  i  mi  u  gel  ionics  is  ot 
this  peak  revealed  onlv  a  single  po  1  ypept  i  do  tl*igur»  *>Ji  \  which  migrated 
the  same  distance  as  the  taster  and  smaller  oi  the  two  \  inon  proteins 
shown  in  Figure  62B.  thus ,  the  smaller  protein  is  considered  to  be  the 
"core"  protein.  Sucrose  peak  "B"  conkaining  this  proten  was  used 
directly  for  RIP  tests.  Kadi  ^activity  at  the  t  »o  u  tin*  sucrose  gradient 
labeled  "C"  in  Figure62A  consisted  of  only  one  polvpepMde  by  acrylamide 
analysis  (Figure  62  D) ,  it  migrated  the  same  distance  as  the  slower 
and  larger  of  the  two  virion  proteins  shown  in  Figure  6211,  Thus,  the 
larger  protein  is  the  single  polypeptide  constituting  the  "coat"  or 
surface  protein  which  was  isolated  at  the  top  1  f  sucrose  gradients  for 
RIP  tests.  All  three  viruses  under  study  yielded  essentially  the  sane 
pattern  of  detergent  degradation  as  described  here  t  r  Sindbis  virus. 

Radioimmune  precipitation  of  sucrose  purified  "cores" 
was  attempted  by  using  the  same  procedures  as  described  for  virion  RiP. 
Virus  cores  appeared  broadly  cross  reactive  (l  igurt  Mk  Some  speci¬ 
ficity  in  core  precipitation  was  observed  with  bulb  Sindbis  and  Western 
immune  ascitic  fluids  in  that  a  higher  percent  igc  u  the  homologous 
cores  precipitated  at  a  slightly  higher  ascitic  fluid  dilution;  however, 
heterologous  cores  were  broadly  cross  reactive.  Eastern  immune  ascitic 
fluid  which  previously  appeared  specific  for  FEE  viri  n  ••qually  preci¬ 
pitated  the  cores  ot  all  thret  viruses. 

The  soluble  coat  protein  which  failed  to  enter  the 
sucrose  gradient  following  NP-40  treatment  could  also  lie  precipitated 
with  homologous  antiseriun  t Figure  64  *.  A  maximum  ot  80  precipita¬ 
tion  was  achieved  which  did  not  change  markedly  upon  dilution  of  the 
antigen.  Endpoint  titers  <>t  the  ascitic  fluid  or  bO/,  PIP  titers  were 
greatly  reduced  when  compared  to  either  core  or  virion  KIP  with  these 
same  antisera.  Differences  in  RIP  titer  were  evident  when  different 
antigen  concentrations  were  compared,  analogous  to  the  antigen  con¬ 
centration  effect  described  with  virions. 
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Figure  62.  A.  Rate  zonal  centrifugation  of  17.  NP-40  treated  Sindbis 
virions  through  a  15-30%  (w/v)  sucrose  gradient. 

B.  Polyacrylamide  gel  electrophoresis  of  Sindbis  virion 
(fraction  A  in  panel  A). 

C.  Polyacrylamide  gel  electrophoresis  of  Sindbis  core 
(fraction  B  in  panel  A). 

D.  Polyacrylamide  gel  electrophoresis  of  Sindbis  soluble 
top  crjjponent  (fraction  C  in  panel  A). 
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Figure  64.  Effect  of  antigen  concentration  ofi  radiolonune  precipitation 
of  Sindbls  soluble  coat  protein. 


The  specificity  of  the  coat  protein  was  investigated 
by  comparing  homologous  and  cross-reactions  using  RIP  of  preparations 
from  all  three  viruses  (Figure  65).  Although  lower  titers  t  re 
observed,  the  cross-reactions  resembled  those  described  by  . ..J  re¬ 
actions  using  the  complete  virion.  Antisera  to  Slndbis  and  WEE 
viruses  recognized  some  common  antigenic  property  of  the  coat  protein 
of  these  viruses  while  EEE  virus  antiserum  appeared  specific. 

Discussion. 


The  application  of  radio-immune  precipitation  (RIP) 
techniques  to  the  study  ot  certain  group  A  arboviruses  has  revealed 
the  role  of  certain  structural  antigens  in  cross-reactions  exhibited 
by  members  of  this  group.  Further,  utilization  of  intrinsically 
labeled,  purified  virion  suspensions  enabled  the  determination  of  anti¬ 
body  titers  with  greater  sensitivity  than  classical  serological  pro¬ 
cedures. 


Heterologous  RIP  reactions  using  virion  antigens  at 
equivalent  concentrations  based  on  infectivity  demonstrated  an  anti¬ 
genic  relationship  of  Slndbis  and  WEE  viruses  while  EEE  virus  remained 
antlgenically  distinct  and  antiserum  to  EEE  virus  appeared  specific. 

The  nature  of  the  two-way  cross  reaction  exhibited  by  Slndbis  and  WEE 
viruses  depended  to  a  great  extent  on  the  antigen  concentrations 
employed  in  the  RIP  reaction.  Concentrations  could  be  selected  which 
resulted  in  a  blphasic  cross-reaction  curve. 

RIP  reactions  of  a  single  WEE  virus  antiserum  allowed 
the  resolution  of  three  distinct  antibody  populations;  Regions  I  and 
II  (low  dilutions  of  antiserum)  representing  the  blphasic  cross- 
reaction  of  this  antiserum  with  Slndbis  virion  and  Region  III  (high 
antiserum  dilution)  describing  the  homologous  WEE  virus  reaction. 
Inhibition  of  the  RIP  reaction  in  each  of  these  regions  demonstrated 
a  region  of  WEE-Slndbis  antigenic  similarity  in  Region  I,  a  broadly 
cross-reactive  antibody  Inhibited  by  all  three  viruses  in  Region  II 
and  a  virus  type  specificity  association  with  the  homologous  RIP 
reaction  in  Region  III.  That  these  three  antibody  populations  were 
found  in  this  single  antiserum  at  different  titers  allowing  their  reso¬ 
lution  was  Indeed  fortunate;  however,  the  three  reactivities  described  (I) 
closely  related  virus  complex,  II  group,  and  III  virus  type  would  be 
expected  to  exist  in  antisera  prepared  against  these  agents. 

Disruption  of  virions  with  the  nonionic  detergent  NP-40 
followed  by  rate  zonal  sucrose  gradient  centrifugation  revealed  a  core 
particle  containing  only  the  core  protein  and  a  soluble  fraction  con¬ 
taining  only  coat  protein.  RIP  of  the  core  particles  differed  markedly 
from  that  of  complete  virion  in  that  broad  cross  reactions  between  all 
three  viruses  were  observed.  Little  or  no  specificity  was  found  asso¬ 
ciated  with  virus  core  particles  presenting  an  analogy  to  the  soluble 
group  reactive  antigen  described  for  influenza  viruses. 
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Figure  65.  Radioinsnune  precipitation  of  soluble  coat  protein  with 
A.  Sindbls,  B.  Western  equine  encephalitis  (WEE),  and  C.  Eastern 
equine  encephalitis  (EEE)  hyperinmune  mouse  ascitic  fluids. 


The  broadly  cross  reactive  nature  of  core  particles 
and  the  RIP  titers  obtained  suggested  that  these  antigens  contributed 
to  the  group  reactive  antibody  population  described  in  Region  II,  Our 
inability  to  successfully  inhibit  the  precipitation  of  core  using  pre¬ 
parations  of  intact  virions  in  either  homologous  or  heterologous  RIP 
reactions  would  indicate  that  this  was  not  the  case.  The  interpretation 
of  these  data  Implies  that  core  antigens  are  not  exposed  *in  virion 
structure  and  do  not  participate  in  RIP  reactions  using  intact  virion. 
Conversely,  antibodies  resulting  from  free  core  in  the  mouse  brain 
lnmunlzing  antigens  must  represent  a  separate  antibody  population 
lacking  virus  type  specificity.  The  participation  of  this  antibody 
population  and  virus  core  antigens  in  classical  serological  tests  such 
as  complement  fixation  could  possibly  help  to  explain  the  wide  serolo¬ 
gical  overlap  demonstrable  by  these  methods. 

The  observation  that  detergent  solubilized  coat  protein 
could  be  precipitated  by  RIP  procedures  indicated  that  structured  coat 
protein  such  as  found  on  virion  structure  was  not  essential  for  anti¬ 
genicity.  Some  structure,  however,  must  be  essential  since  virion 
degraded  with  sodium  lauryl  sulfate  and  B-2-mercaptoethanol  preparatory 
to  acrylamide  analysis  failed  to  precipitate.  The  specificity  of  the 
coat  protein  resembled  that  of  virion  with  the  exception  of  the  rela¬ 
tively  low  dilutions  of  antisera  required  to  effect  precipitation. 

This  observation  could  be  Interpreted  as  the  effect  of  Increased  anti¬ 
genic  mass  on  the  RIP  reaction  resulting  from  the  degradation  of  virion 
structure  since  decreasing  antigen  concentration  did  result  in  higher 
RIP  titers.  If  all  of  the  antigenic  properties  described  for  virions 
can  be  attributed  to  specific  antigens  contained  in  the  coat  protein, 
further  examination  of  the  sequential  degradation  productions  of  this 
protein  should  allow  the  detection  and  separation  of  these  specific 
antigens. 


B.  Ininunogenlclty  of  a  Group  A  Arbovirus  Vaccine  in  Man. 

This  report  is  concerned  with  the  development,  production  and 
evaluation  of  either  live-attenuated  or  formalin-inactivated  vaccines 
against  exotic  viral  agents,  suitable  for  use  in  man.  Evaluation  studies 
on  the  formalin-killed,  freeze-dried  Chlkungunya  (CHIIO  vaccine  des¬ 
cribed  in  Annual  Report  1970  are  continuing.  In  order  to  determine  the 
persistence  of  neutralizing  antibody,  the  original  group  of  vaccinees 
who  received  two  0.5  ml  doses  of  CHIK  vaccine,  Lot  E-20,  28  days  apart, 
were  bled  at  invervals  of  56,  90,  180,  270,  and  360  days  after  vac¬ 
cination,  Neutralization  indices  for  these  subjects  are  shown  in 
Table  38. 
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Five  individuals  from  this  group  were  given  a  O.b  ml  booster 
dose  of  CHIK  vaccine  alter  the  360  day  bleeding.  Neutralization  indices 
were  obtained  for  these  subjects  14  cays  after  receiving  the  booster 
dose.  The  results  are  shown  in  Table 


Table  39, 

Serologic  Response  of  Chikungunyo  Vaccinees  Receiving 
A  Booster  Dose  One  Year  Aft<r  The  Primary  Series 


Pro.- boost  or 

2 

il±2X 

s  Fos 

: -boos  ter 

Sub jec t 

cf  m 

I.NI 

cv 

111 

i.NI 

t,  JM 

<A  <  1 0 

2.0 

4 

80 

3.5 

spc: 

<4  ■  10 

2.4 

<  ' 

♦ 

41 1 

3.7 

v » r< 

"A  2( 

3.0 

'4 

•1. 

'•*  ’  1 

<4  <  10 

3 .0 

8 

160 

3.5 

<A  -lO 

; „  ) 

4 

80 

>3.5 

»  *  r 

■araliel  with  the  inmwi  st 

:di. 

■s  the 

1  onv 

-term  efficacy  of 

thiii  .*  ir  ci  .a 

i  s  be  i  ng  evaluated 

by  d  1 

iv«. 

(.  ha  1  1 

e  n  v  ( ■ 

is say  ir  rhesus 

ir».  *nkcv\  over 

j  n4  iiiiint!.  period. 

As  report 

t*d  i  n 

Ar  n  ! 

al  Report  197f\ 

vMa i  na  *  <  d  ’ 

»ob  wen  ‘U»  1  idly 

pr  tec 

r  t  ‘d 

V  ’  i 

1  i 

r«*i:  i  a  when  chnl- 

longf'.l  .  ir  ,  < 

'V  {  1  s  a  f  ter  /;.K/  Inat 

ion . 

HC'51! 

!  t*  ’ 

*  a  t 

i  .'(*  hallengc  with 

the  CHIK  virus  on  a  second  group  12  months  after  vaccination  are 
shown  in  Table  40. 


Table  40. 

Long-term  Protective  Efficacy  of  CHIK  Vaccine,  Lot  E-20 
Observed  in  Rhesus  Monkeys  Challenged*  12  Months  After  Vaccination 


MK 

#_ 

Vaccine 

Status 

1 

2 

3 

4 

5 

6 

7 

105 

yes 

0 

0 

0 

0 

0 

0 

0 

107 

yes 

0 

0 

0 

0 

0 

0 

0 

120 

yes 

0 

0 

0 

0 

0 

0 

0 

110 

no 

0.8** 

1.5 

4.6 

3.4 

0 

0 

0 

112 

no 

0 

3.5 

4.1 

2.3 

0 

0 

0 

123 

no 

0.8 

2.3 

3.8 

3.5 

0.5 

0 

0 

★ 

*★ 

Challenge  dose 
Logio  titer  of 

-  60,000  suckling 
circulating  virus, 

mouse 

ft 

ICLD50S 

• 

Results  of  the  foregoing  evaluation  teats  in  man  and  lower 
primates  clearly  indicate  that  a  formalin-killed,  freeze-dried  CHIK 
vaccine  prepared  in  green  monkey  kidney  tissue  culture,  confers  pro¬ 
tection  for  at  least  a  year  after  a  primary  series.  Results  of  the  18 
and  24  month  post-vaccination  challenge  of  rhesus  monkeys  will  be 
reported  later. 

Stability  Studies  on  Tween-ether  Extracted  (TE)  and  Foraalin- 
kllled  (HCHO)  Chlkungunya  Vaccines: 

Potency  assays  were  performed  using  young  adult  mice  on  both, 
fluid  and  freeze-dried  vaccines  of  the  TE  and  HCHO  types,  at  3  and  12 
month  Intervals.  The  freeze-dried  vaccines  were  held  at  -20°C  and  the 
fluid  vaccines  at  4°C  dur ' ng  the  storage  period. 

It  was  of  interest  to  note  that  the  hemagglutinin  content  of 
the  TE  vaccines  (both  fluid  and  dried)  remained  remarkably  stable  over 
the  observation  period.  Stability  data  for  these  vaccines  are  shown  in 
Table  41. 
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Table  41. 


Potency*  of  TE  and  HCHO  CHIK  Vaccines  in  the  Fluid  and 
Freeze-dried  State  over  a  12-month  Observation  Period 
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virus. 

The  storage  stability  of  these  vaccines  will  again  be 
monitored  at  18  and  24  month  intervals. 


C.  Production  and  Characterization  of  Arbovirus  Reagents 

1 .  Preparation  of  CHIK  and  Western  Equine  Encephalomyelitis 
(WEE)  HA  and  CF  Antigens  by  TE  Extraction. 

CHIK  and  WEE  viruses  were  propagated  in  roller  bottles 
containing  baby  hamster  kidney,  cell  line  21  (BliK-21)  cells  until  cyto- 
pathic  effects  were  90  -  lOO'*/  complete.  The  supernatant  fluids  were 
harvested,  centrifuged  in  the  cold  and  concentrated  20X  in  an  Amicon 
cell.  The  resultant  concentrate  was  TE  extracted,  dispensed  in  screw 
cap  vials  and  stored  at  4°C.  This  material  c  nstituted  the  HA  and  CF 
antigens.  Even  though  HA  and  CF  titers  of  the  concentrated  fluids  were 
high,  TE  extraction  boosted  titers  4  -  8X  and  also  inactivated  livt 
virus.  Titers  for  the  HA  and  CF  antigens  for  CHIK  and  WEE  are  shown 
ir  Table  42. 
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It  was  observed  that  TE  antigens  reacted  more  specifically 
with  homologous  antisera  than  did  the  unextracted  antigens.  Also,  the 
same  sera  which  reacted  with  normal  (uninfected)  mouse  brain  antigen  in 
the  CF  tests,  did  not  give  these  reactions  when  TE-extracted  antigens 
were  used.  The  TE-extracted  antigens  are  stable  at  4°C  and  have  shown 
no  loss  in  HA  or  CF  activity  over  a  one  year  period. 

2.  Preparation  of  Dengue-2  (D-2)  and  Japanese  encephalitis  (JE) 
Virus  Soluble  Complement  Fixing  (SCF)  Antigens. 

Soluble  CF  antigens  have  been  routinely  prepared  for  D-2 
and  members  of  the  JE  virus  complex:  Murray  Valley  encephalitis  (MVE) , 
West  Nile  encephalitis  (WNE) ,  St.  Louis  encephalitis  (SLE),  and  Ilheus 
viruses.  Infected  suckling  mouse  brain  homogenates  are  clarified  with 
protamine  sulfate,  precipitated  with  ammonium  sulfate  and  finally  puri¬ 
fied  on  Sephadex  G-100  columns  by  gel  filtration  as  described  in 
previous  annual  reports.  The  SCF  peak  fractions  are  pooled  and  con¬ 
centrated  and  used  for  immunodiffusion,  CF  box  titrations,  SLS/2-ME 
stability  tests  and  protein  analysis  on  polyacrylamide  gel  electro¬ 
phoresis. 


The  molecular  weights  of  the  JE  subgroup  fall  in  the  range 
of  45-55  X  103  daltons.  The  Dengue  SCF  antigen  has  a  lower  molecular 
weight  in  the  range  of  37-42  X  10^.  The  Sephadex  columns  are  cali¬ 
brated  using  five  marker  proteins  and  reproducible  calculations  for 
mw  are  obtained  using  a  graphic  technique.  Thus,  there  are  reproducible 
differences  in  the  physical  properties  of  complement  fixing  antigens 
from  these  two  serologically  related  group  E  arboviruses. 

Soluble  antigens  have  also  been  prepared  in  BHK-21  roller 
cultures  using  D-2  and  JE  viruses.  The  supernatant  culture  fluids  are 
harvested  after  complete  CPE.  The  fluids  are  then  concentrated  100X  by 
Amlcon  filtration  and  chromatographed  on  Sephadex  G-100.  The  D-2  BHK- 
derlved  SCF  has  a  mw  of  approximately  42  X  10^  and  the  JE  SCF  prepared 
in  this  manner  has  a  mw  of  approximately  60  x  10^,  The  JE-BHK 
derived  antigen  has  been  shown  to  have  at  least  a  partial  identity  with 
JE  suckling  mouse  brain  SCF  by  immuno-dif fusion  in  agarose. 

To  label  the  SCF  antigen  of  JE,  a  mixture  of  trltlated 
amino  acids  was  added  to  the  medium  of  several  JE  virus  infected  BHK-21 
roller  cultures.  The  same  procedure  was  followed  as  for  the  isola¬ 
tion  of  nonlabeled  SCF  antigen.  A  small  radioactive  peak  corresponding 
to  SCF  activity  was  pooled  and  rechromatographed  through  Sephadex  G-100 
to  further  purify.  Finally,  a  radio-immune  precipitation  (RIP)  techni¬ 
que  was  used  to  precipitate  labeled  SCF  antigen.  After  several  attempts, 
a  2-47.  precipitation  was  obtained.  If  a  higher  percentage  of  RIP  is 
obtained,  a  co-run  of  the  SCF  will  be  done  on  polyacrylamide  gel  electro¬ 
phoresis  and  comparison  of  the  SCF  protein  to  known  JE  virus  and  virus- 
infected  cellular  proteins  will  be  made. 
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Attempts  have  been  made  to  release  soluble  antigens  from 
cell  membranes  using  detergent  treatment  and  digestion  of  smooth  and 
rough  membranes  as  well  as  nuclear  membrane.  Separation  of  nuclei 
and  nuclear  membranes  from  other  cytoplasmic  membranes  can  be  done  by 
Dounce  homogenization  in  a  sucrose-reticulocyte  standard  buffer.  The 
CF  activity  of  the  nuclei  and  membrane  tags  are  high  and  can  be 
increased  by  TE  treatment.  After  this  digestion,  precipitin  lines  are 
formed  against  homologous  serum  in  immunodiffusion  tests,  and  two  peaks 
of  CF  activity  are  found  after  gel  filtration  of  the  digest.  One  peak 
has  a  mw  of  70  x  io3  and  the  other  has  a  mw  of  43  x  10^.  The  soluble 
antigens  formed  this  way  are  very  unstable.  Other  digestion  treat¬ 
ments  are  being  tested. 

3.  Preparation  of  Hyperimmune  Mouse  Ascitic  Fluids  (HMAF) 
Against  D-2  and  JE  virus  SCF  Antigens. 

Purified  SCF  antigens  for  D-2,  D-4,  and  JE  viruses  have 
been  used  to  prepare  HMAF.  The  antigens  are  first  inactivated  by 
either  UV  light  or  Betaprone  treatment  and  given  to  mice  in  a  four 
dose  regimen;  sarcoma  cells  are  given  with  the  fourth  dose  and 
ascitic  fluids  harvested  approximately  two  weeks  later  as  described  in 
previous  annual  reports.  Antisera  made  this  way  for  D-2  and  JE-SCF 
has  resulted  in  high  CF  reactivity  and  non-neutralizing  activity. 

Since  the  SCF  antigen  is  thought  to  be  a  nonvirion  antigen,  it  should 
not  have  neutralizing  activity.  Dengue-4  failed  to  produce  CF  titers 
in  mice  when  the  SCF  antigen  was  administered. 

Japanese  encephalitis  virus  after  Sephadex  chromatography 
of  infected  mouse  brain  preparations,  usually  showed  two  peaks  of  CF 
activity  after  the  void  CF.  These  peaks,  having  mw's  of  approximately 
70  x  1CH  and  50  x  10^,  were  pooled  separately  and  given  to  mice  for 
production  of  HMAF.  Dengue-4  also  produced  considerable  tailing  of 
CF  activity  before  the  major  SCF  peak  when  chromatographed.  The  high 
mw  antigens  were  labeled  "early  coat,"  the  "late  coat"  antigens  eluted 
right  before  the  SCF,  and  the  SCF  antigen  was  the  last  to  elute.  These 
were  all  given  to  mice  for  production  of  HMAF.  Also,  (WINE)  virus  has 
demonstrated  two  SCF  peaks  although  HMAF  has  not  yet  been  made  for  these 
antigens. 

Indirect  fluorescent  antibody  techniques  using  D-2  anti- 
SCF  HMAF  have  demonstrated  an  early  production  of  this  antigen  in  an 
infected  cell  around  the  nuclear  membrane  (perinuclear  f 1 uorcscense) . 

Post- fixation  of  JE  virus  infected  cover  slips  with 
acetone  or  methanol  has  shown  the  JE  SCF  antigen  to  be  acetone  stable 
but  methanol  labile.  This  was  also  true  for  the  JE  coat  antigen 
(higher  mw).  The  D-2  SCF  antigen  is  stable  to  both  acetone  and  methanol. 


Crude  JE  HMAF  when  reacted  in  this  system  with  JE  virus 
infected  cells  shows  chat  the  antigen  it  reacts  with  is  methancl  and 
acetone  stable  (see  FA  studies  in  Section  VI  C,  above). 

Other  SCF  antigen  specific  HMAF  is  being  prepared  to 
identify  antigen  synthesizing  sites  in  the  cell. 

4.  Specificity  of  SCF  Antigens. 

Illheus,  JE,  MVE,  WNE,  and  SLE  viruses  were  used  to 
prepare  mouse  brain- SCF  antigens.  The  antigens  were  used  in  cross 
CF  box  titrations  and  ..Iso  in  cross  immunodiffusion  tests  to  study 
antigenic  specificity.  The  SCF  antigens  were  compared  to  crude  pro¬ 
tamine  sulfate  clarified  viral  antigens  in  both  systems. 

The  CF  reactivity  of  the  SCF  antigens  was  more  specific 
than  the  crude  antigen  reactions  when  these  antigens  were  tested 
against  homologous  and  heterologous  crude  HMAF.  Post-zones  were  non¬ 
existent  in  the  SCF-HMAF  boxes  but  usually  were  present  when  crude 
antigens  were  used. 

Crude  antigens  when  reacted  against  homologous  and 
heterologous  HMAF  developed  no  precipitin  lines  in  double  diffusion 
in  agarose.  Under  the  same  conditions,  SCF  antigens  produced  distinct 
single  or  double  precipitin  lines.  Type  specific  antigens  were  formed 
for  JE,  MVE,  and  WNE  viruses.  On  the  same  plate  containing  these 
antigens  a  second  precipitin  line  formed  that  appeared  to  be  group 
specific.  For  SLE  and  Ilheus  viruses,  a  group  specific  line  was  the 
only  one  formed.  The  type  and  group  precipitin  lines  were  very  close 
together  but  did  not  seem  to  spur.  This  suggests  that  they  are  sepa¬ 
rate  and  distinct  antigenic  determinants  rather  than  "linked"  as 
shown  with  the  dengue  subgroup. 

A  D-2  SCF  preparation,  showing  similar  double  precipitin 
lines  and  known  to  have  a  high  HA  tier,  was  treated  with  sodium 
lauryl  sulfate  and  2-mercaptoethanol  which  should  destroy  the  HA 
antigen.  This  did  not  remove  either  precipitin  line,  neither  did 
heating  at  60C  for  30  minutes  or  adsorption  with  goose  erythocytes. 
Whether  this  represents  aggregates  or  separate  detergent  resistant 
antigens  has  yet  to  be  determined. 

Ouchterlony  double  diffusion  plates  are  stained  with 
Adler's  stain  and  the  resolution  and  intensity  of  the  precipitin  lines 
are  enhanced.  The  dried  agarose  plate  may  then  be  stored  for  later 
reference. 
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5.  Preparation  ol  JE  Virus  HA  Antigen.  Virus  is  inoculated 
and  adsorbed  in  BHK-21  roller  cultures  then  thoroughly  washed  to 
remove  any  traces  of  residual  seed  virus.  A  50  ml  quant  ity  of  mainte 
nance  medium  containing  0.25%  human  serum  albumin  and  buffered  to 
pH  8.0  is  added  to  each  flask.  The  infected  roller  cultures  are 
harvested  before  any  evidence  of  CPE  at  approximately  24-30  hours 
post  infection.  The  supernatant  culture  fluids  are  passed  thiough  a 
0.45^1  Nalgenc  filter  unit  to  clarify  and  precipitated  in  the  cold 
with  ammonium  sulfate  (607).  After  centrifugation,  the  precipitate 
is  resuspended  to  1/100  of  its  original  volume  in  THIS  buffer  and 
purified  by  sucrose  density  gradient  oen tr  iiuga ti on . 

A  high  degree  of  HA  recovery  approaching  1007  has 
resulted  when  the  supernatant  culture  fli  ids  are  ammonium  sulfate 
precipitated.  Sucrose  gradient  centrifugation  revealed  an  RHA  and 
SHA  peak.  Although  these  peaks  are  low  in  titer,  the  method  could  be 
utilized  to  make  more  virus  with  better  yields.  Since  the.  virus  is 
harvested  before  cell  damage  occurs,  the  resultant  product  is  free 
from  gross  contamination. 


VIII,  Ecological  Studies  of  Group  A  Arboviruses. 

A.  Persistence  of  serum  Neutralizing  Antibody  to  Wee  Virus  in 
Naturally  Infected  Quail. 

Sentinel  quail  have  been  used  since  1968  to  monitor  the 
seasonal  transmission  of  EEE  and  WEE  viruses  in  a  swamp  habitat  on  the 
eastern  shore  of  Maryland.  Each  year  since  1968  both  viruses  have  been 
recovered  from  mosquitoes  and  birds.  However,  mosquito  infection  rates, 
antibody  prevalence  in  wild  birds  and  sero-conversion  of  sentinel 
quail  show  that  the  virus  (EEE  or  WEE)  predominating  one  year  would  be 
supplanted  the  following  year  by  the  other  virus.  Birds  returning  to 
the  swamp  each  year  have  shown  higher  antibody  prevalence  rates  to  the 
virus  which  predominated  the  previous  summer.  Presumably,  infections 
acquired  during  the  previous  summer  resulted  in  a  level  of  herd  immunity 
to  the  homologous  virus  sufficient  to  retard  transmission  the  next  year. 
An  important  factor  in  this  situation  is  the  persistence  of  neutralizing 
antibody  in  birds  following  natural  infection.  To  examine  this  aspect 
a  number  of  uninfected,  juvenile  quail  were  exposed  from  1  to  14  July 
1969  in  the  swamp,  removed  to  a  mosquito-proof  environment,  and  bled  at 
selected  intervals  over  a  period  of  one  year  and  the  serum  tested  for 
N  antibody. 


Serum  neutralizing  antibody  wa;,  assayed  by  a  plaque  reduction 
test:  in  primary  chick  embrvo  cells.  Plaque  dose  was  approximately  100 
pfu  of  the  46th  mouse  brain  passage  of  MacMillan  strain  of  WEE  virus. 
Sera  wore  heated  at  56oC/30*  and  assayed  at  1:20,  1:40,  1160,  1:640, 
and  1:1280  dilutions,  fifty  per  cent  endpoints  were  estimated  by 
plotting  per  cent  reductions  on  probe L  paper. 


Antibody  was  not  detected  in  pre-exposure  sera.  From  2  to 
53  weeks  post-exposure,  all  sera  had  neutralizing  antibody.  Highest 
titers  were  observed  in  9  of  11  quail  at  2  to  3  weeks  after  exposure. 

At  one  year  after  exposure  titers  varied  from  1:20  to  1:200  (Table  43). 

These  data  confirm  the  persistence  of  appreciable  levels 
of  WEE  virus  neutralizing  antibody  throughout  a  one-year  period. 
Presumably  these  quail  would  remain  refractory  to  mosquito  challenge 
with  WEE  virus  at  one  year  or  more  post-infection.  They  remain  at 
risk  to  EEE  infection  as  the  following  observations  indicate.  During 
1969,  one  sentinel  quail  was  naturally  infected  in  the  swamp  with 
EEE  virus  early  in  the  summer,  as  shown  by  serological  conversion. 

This  quail  was  re-exposed  as  a  sentinel  and  was  infected  during  August 
by  EEE  virus,  demonstrated  by  virus  isolation  and  serological  conver¬ 
sion. 


Arbovirus  Ecology  -  Pocomoke  Cypress  Swamp 

During  1970,  a  program  of  arbovirus  surveillance  was  con¬ 
ducted  using  the  sentinel  quail  monitoring  methods  established  in  1969. 
Of  particular  interest  was  the  question  concerning  the  alternating 
annual  dominance  of  WEE  and  EEE  viruses  in  the  swamp  habitat.  Based 
on  the  high  levels  of  WEE  virus  transmission  observed  in  1969,  the 
1970  study  was  predicted  to  demonstrate  elevated  EEE  virus  levels. 

Figure  66  shows  the  percentage  of  the  total  quail  exposed 
(70)  that  were  infected  with  EEE  virus  during  1970.  Although  tests 
for  WEE  virus  antibody  in  these  specimens  has  not  yet  been  completed, 
the  high  percentages  of  EEE  virus  activity  observed  suggests  that  EEE 
was  hyperenzootic  in  1970.  Sentinel  conversion  rates  for  antibody  to 
EEE  virus  were  much  greater  during  1970  than  had  been  observed  during 
1969.  Most  of  the  virus  activity  occurred  during  late  September  (80% 
positive  specimens)  which  is  the  same  time  period  as  the  low  level 
virus  transmission  observed  during  1969;  however,  this  activity  is  in 
marked  contrast  to  the  WEE  virus  activity  peak  observed  in  early  summer 
during  1969. 

A  comparison  of  the  data  obtained  from  quail  exposed  in  or 
near  the  swamp  (40)  wiLh  chose  exposed  at  1-3  mile  distances  from  the 
nearest  swamp  habitat  is  shown  in  Figure  67.  EEE  virus  transmission 
was  detected  at  peripheral  study  areas.  A  small  peak  of  activity  was 
detected  during  late  July;  however,  the  major  virus  activity  was 
observed  during  late  September.  Entomological  examination  of  collec¬ 
tions  made  in  thes  peripheral  areas  is  in  progress. 


PERSISTENCE  OF  SERUM  NEUTRALIZING  ANTIBODY 
TO  WEE  VIRUS  IN  NATURALLY  INFECTED  QUAIL 


Titer  estimated  by  probit  analysis  plotting  per  cent  reduction  or  plaque  numbers  at  serum  dilutions 
1:40,  1:160,  and  1:640. 

NT-  Not  tested. 
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Figure  66.  Percentage  of  exposed 
sentinal  quail  converting  to 
eastern  equine  encephalitis 
antibody  positive  status  during 
1970.  Ten  quail  in  each  of 
seven  sites  were  exposed  for 
two  weeks  and  maintained  in  a 
mosquito  proof  environment  for 
two  subsequent  weeks  prior  to 
testing. 
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Figure  67.  Eastern  equine 

encephalitis  virus  activity  as 
measured  by  antibody  conversion 
in  the  swamp  habitat  (40  quail) 
compared  to  that  in  peripheral 
areas  (30  quail)  separated  from 
swamp  habitat  by  1  to  3  miles. 
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Summary. 


I.  Simultaneous  immunization  of  recruits  in  a  basic  combat  training 
brigade  with  live  adenovirus  type  7  and  type  4  (ADV-7,  ADV-4)  vaccines 
during  an  outbreak  of  acute  respiratory  disease  (ARD)  ca  sed  by  both 
adenovirus  types  led  to  95%  suppression  of  ADV-7  associated  ARD  and 
50%  reduction  in  total  ARD  hospitalizations  as  compared  with  a  brigade 
immunized  with  ADV-4  vaccine  alone.  A  small  excess  of  ADV-4  associated 
ARD  hospitalizations  which  occurred  in  the  study  brigade  may  have  been 
due  in  part  to  the  relatively  low  potency  of  the  ADV-4  vaccine  used. 

The  combined  use  of  ADV-4  and  ADV-7  vaccines  proved  to  be  a  safe  and 
effective  means  of  controlling  ARD  in  a  military  trainee  population. 

Detailed  virologic,  bacter iologic  and  serologic  studies  were 
undertaken  among  all  ARD  admissions  from  the  study  companies  in  the 
brigade  immunized  with  both  ADV-4  and  7  vaccines.  Of  149  admissions, 

131  were  judged  to  be  bona  fide  ARD.  Three  admissions  occurred  following 
shot  reactions  and  15  were  the  result  of  rubella  virus  infections.  Of 
the  131  ARD  admissions,  17  were  complicated  by  pneumonia.  Among  the 
remaining  114  uncomplicated  ARD  admissions,  47  were  associated  with 
adenoviruses ,  21  with  nonadenovirus  agents  including  Iniluenza  A2-7, 
rhinov iruses- 10 ,  group  A  streptococci-2  and  Herpes  virus  hominis-2,  and 
11  admissions  were  associated  with  simultaneous  evidence  of  infection 
by  more  than  one  agent.  No  etiologic  agent  was  found  for  35  admissions. 
Thus,  in  this  group  of  imnunized  recruits,  adenoviruses  were  still  the 
most  common  cause  of  ARD  hospitalizations,  primarily  ADV-4.  Remaining 
ARD  admissions  were  associated  with  a  variety  of  other  respiratory 
pathogens,  multiple  infections  and  disease  of  unknown  cause. 

II.  ADV-4  and  7  vaccines  were  effective  in  interrupt ing  epidemics 
of  adenovirus  associated  ARD  at  Ft.  Lewis  and  Ft.  Leonard  Wood  in 
February,  1970.  ARD  rates  at  both  posts  decreased  by  75%  three  to  four 
weeks  after  immunization  was  begun.  The  impact  of  ADV-7  vaccine  when 
given  alone  at  Ft.  Campbell  in  late  February  was  less  marked  and 
fostered  the  emergence  of  ADV-4  associated  ARD. 


III.  To  determine  whether  living  adenovirus  Type  21  vaccine  could 
be  safely  administered  orally  to  susceptible  young  adults,  an  experiment 
was  prepared  in  PROJECT  WHITECOAT  Volunteers  at  Ft.  Detrick,  Maryland, 
in  September,  1970,  Groups  of  susceptible  volunteers  were  fed  either 
106-*  tissue-culture  infectious  dose50  (TCID5Q)of  adenovirus  Type  21 
(ADV-21),  vaccine  virus  or  placebo  tablets;  all  men  were  followed 
dailv  lor  28  days  after  immunization  for  evidence  of  respiratory  diseases, 
or  other  indisposition,  and  for  evidence  of  infection  by  vaccine  virus. 

Mi  Ids  afebrile  respiratory  and/or  gastrointestinal  illnesses  were 
observed  in  three  immunized  and  two  control  volunteers.  In  each 
instance,  symptoms  could  not  be  related  to  either  pharyngeal  or  stool 
excretion  of  ADV-21.  Nine  of  10  infected  volunteers  shed  ADV-21  in 


stools  (mean  duration  10. 1  days;  range  4-17  days).  No  pharyngeal 
excretion  of  ADV-21  was  observed  in  any  of  these  volunteers.  Each  of 
the  nine  developed  specific  N  antibody  to  ADV-21.  No  evidence  for 
person  to  person  transmission  of  vaccine  was  obtained.  The  experiment 
establishes  that  ADV-21  vaccine  strain,  can  be  safely  administered 
orally  to  susceptible  volunteers,  and  that  indoses  of  approximately 
1q6.0  TCID5o/man,  approximately  90%  of  susceptibles  can  be  infected. 

Antibody  activity  of  serum  and  secretory  immunoglobulins  was 
assayed  using  a  labeled  ADV-21  antigen  in  a  radio-immunodiffusion 
system.  Increases  in  IgM,  IgA  and  IgG  activity  were  demonstrated  at 
28  days  in  sera  from  vaccinees  but  not  from  controls.  Copro  IgA  anti¬ 
body  activity  was  a! so  shown  in  vaccinees  but  not  in  controls.  Nasal 
secretions  showed  no  detectable  IgA  antibody  responses  by  this  method. 
These  studies  show  marked  differences  in  serum  and  local  IgA  antibody 
activity  in  Induced  enteric  adenovirus  infection  compared  to  previously 
reported  responses  following  natural  infection.  The  protective  role 
of  secretory  IgA  in  adenovirus  infections  is  obscure.  However,  absence 
of  nasal  IgA  responses  may  indicate  that  protection  against  disease 
with  enteric  ADV  vaccines  depends  primarily  upon  humoral  antibody. 

IV.  Preliminary  experiments  with  column  chromatographic  procedures 
used  in  purification  of  Australian  Antigen  (HAA)  Indicate  the  presence 
of  soluble  antigen-antibody  complexes  in  HAA  positive  sera.  The  hypo¬ 
thesis  that  HAA  in  serum  as  a  firmly  bound  complex  and  that  its  anti¬ 
genic  makeup  depends  in  part  on  bound  antibody  is  being  Investigated. 

The  immunoelectro  osmophoresis  precipitation  test  is  at  present 
the  only  technically  and  logistically  feasible  procedure  available 
for  large  scale  screening  for  HAA.  Comparative  testing  of  commercially 
available  test  kits  was  carried  out  to  aid  in  selection  of  equipment 
for  use  in  military  blood  donor  centers.  It  is  apparent  that  the 
IEOP  method  has  limited  sensitivity  due  to  the  minimum  antigen  con¬ 
centrations  which  will  produce  visible  precipitin  reactions. 

Complement-f ixation  and  agar  gel  diffusion  tests  were  used  to 
estimate  the  HAA  carrier  rate  in  military  blood  donors.  A  rate  of 
2.6/1000  was  estimated  from  1,112  samples  tested  with  this  detection 
method.  Routine  monthly  testing  of  patients  and  employees  in  hemo¬ 
dialysis  unit  revealed  that  two  patients  (3.87.)  and  two  employees 
(8.77.)  had  HAA. 

Clinical  and  laboratory  studies  provided  additional  evidence 
that  hepatitis  may  cause  different  pathologic  manifestations  in 
different  people  depending  upon  age,  length  of  exposure  and  their 
Imnune  response. 

V.  Strains  of  dengue-2  and  dengue-3  viruses  of  diverse  geographic 
origins  including  southeast  Asia,  the  Caribbean  region,  Africa  and 
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Tahiti  were  compared  by  plaque  reduction  nerli  ili/ution  tests  u^ing 
hyperinmune  mouse  ascitic  fluids  and  human  convalescent  sera.  The 
dengue-2  strains  all  appeared  similar.  The  dengue- 3  strains  from 
the  Caribbean  and  from  Tat  iti  were  similar  r  •  e«ch  c  ther  and  differed 
significantly  Iron  the  southeast  Asian  strain^.  A  suLtvpe  ol  dengue- 3 
virus  is  defined. 

latratypic  variation  of  the  nonst  met  ura  i  soluble  c  implement  - 
fixing  (SCF)  antigens  of  dengue  1  strains  (Hawaii  and  Til- Strain)  and 
dengue- 2  strains  (new  Guinea  C  and  1H-36)  were  examined  by  imnuno- 
logicai  and  biophysical  techniques.  The  SCF  an :igt-n  of  Hawaii  could 
be  separated  from  that  of  TH-Sman  by  subtle  diilcrencos  ir  CF  cross- 
reactions,  but  by  distinct  diLfe-rences  in  rhetir  r<  mo!>ilities 

when  tested  by  disc  gel  e lectrophores i s ,  SCF  antigens  f  dengue- 2 
strains  could  not  be  distinguished  by  any  oi  ?lu  n.cthc  Is  ustd,  Jt 
is  suggested  that  the  SCf  antigen  is  responsible  for  the  strain  viria- 
tion  observed  in  the  two  dengue- 1  strains. 

VI •  Polyacrylamide  gel  electrophoresis  f  Japanese  uncephal i tis 
virus  (JEV)  grown  in  both  LLC-MK^  ind  chick  erubrvi  ctll  r  uiturci  revealed 
three  principal  polypeptides  with  molecular  weights  of  8,700,  13,500, 
and  53,000  (V-!,  V-2,  and  V-3,  respectively).  Infected  chick  cells 
that  were  treated  with  actinomycin  D  and  eye ! oheximi d*  contained  seven 
polypeptides  not  present  in  uninfected  ceils.  in  addition  to  V-2  and 
V-3,  polypeptides  with  molecular  weight^  of  10,500,  19,000,  45,000, 
71,000,  and  93,000  (NV-l  through  NV-5)  were  found;  v-l  was  not  regularly 
detected.  A  similar  pat  te»rn  of  polypeptides  was  obtained  bv  radio- 
immune  precipitation  of  soluble  antigens  from  cytoplasmic  extracts  of 
infected,  act i nomyc i n - D  created,  (hick  cells.  When  virions  were  treated 
with  NP-40,  a  dense,  KNA-rich  structure  was  detected  which  contained 
V-2,  An  extracellular,  slowly  sedimenting,  RNA-pour,  hemagg lut ina ting 
particle  with  a  density  comparable  to  the  virion  was  present  in  virus 
preparations  from  cell  culture  and  contained  \  l,  V-3,  and  NV-2, 

Membranes  from  radioactive  Japanese  encephalitis  virus  infected 
chick  ceils  were  separated  into  light  a.u!  dense  fractions  on  sucrose 
step  gradients,  corresponding  to  predominantly  mood  and  rough  mem¬ 
branes,  Approximately  95?0  of  radioactivity  va>  latud  with  these 

membrnes,  and  ail  of  the  JEV  specified  radioactive  proteins  were  found 
attached  to  them.  Approximately  ja,  of  the  rad* o.ict  iv ity  was  soluble 
(not  attached  l.o  membranes)  and  did  nut  ccntainall  of  the  speciiied  pro¬ 
teins  as  tested  hy  eoelec trophoresi s  on  poly«icry  i  amide  gels.  The  major 
protein  associated  with  light  membranes  w^j  the  largest  of  the  viral 
.specified  proteins  which  is  not:  a  glycoprote  n.  The  dati  suggest  that 
morph  genesis  or  JEV  occurs  exclusive!*,  or.  membranes. 

Fluorescent  antinouy  results  with  a  dengue* -2  ant  i  gLn-ant  ibody 
svsum  were  fo  ,nd  vary  with  the  fixative*  employed,  Hemaggiutinat ing 
nut* . . .  :s  «  :IA )  were.  destroyed  by  methanol  whereas  che  soluble  complement 


fixing  antigen  (SCF)  was  unaffected.  In  general,  aldehyde  fixation 
led  to  diminished  fluorescence  but  the  effect  could  be  overcome  by 
using  cold  lipid  solvents.  SCF  was  found  to  be  strictly  limited  to 
the  perinuclear  region  of  the  cell  by  using  anti-SCF;  HA  was  found  to 
be  distributed  throughout  the  cytoplasm  by  using  anti-virion  hyper¬ 
immune  mouse  ascitic  fluid.  Perinuclear  fluorescence  produced  by 
anti-SCF  is  the  first  to  appear  (10-12  hours  post  infection)  in 
infected  cells.  The  perinuclear  region  of  dengue-2  or  Japanese  ence¬ 
phalitis  virus  infected  cells  was  examined  in  the  electron  microscope. 
Large  accumulations  of  virions  were  seen  in  the  cisternae  of  smooth 
and  rough  endoplasmic  reticulum  and  many  cells  contained  widely 
dialated  vesicles  which  contained  electron  dense  particles  resembling 
virus  particles  with  aberrant  shapes. 

The  RNA  polymerases  of  JEV  and  dengue-2  were  extracted  and 
characterized.  Both  were  found  to  be  magnesium  dependent  and  concen¬ 
trated  in  the  "mitochondrial  fraction. "  Both  polymerase  reactions 
progressed  with  linear  kenetics  over  short  periods  of  time.  The 
products  generated  were  heterodi spersed  on  sucrose  gradients  with 
major  26s  and  22s  peaks  and  some  4s  material.  The  JEV  22s  peak  was 
partially  double  stranded.  The  26s  peak  of  JEV  and  all  of  the  dengue 
product  was  single  stranded. 

The  basic  polypeptide  composition  of  the  virion  was  determined 
for  the  following  arboviruses:  Sindbis  (SIN),  eastern  equine  ence¬ 
phalitis  (EEE) ,  western  equine  encephalitis  (WEE),  chikungunya  (CHIK) , 
Japanese  encephalitis  (JE),  St.  Louis  encephalitis  (SLE) ,  Dengue-2 
(DEN-2),  Yellow  Fever  (YF),  Langat  (LAN),  Russian  spring- summer  ence¬ 
phalitis  (RSSE),  Bunyamwera  (BUN),  California  encephalitis  (CE) ,  and 
Tahyna  (TAH).  Radio- labeled  (^C  or  ^H)  virions  were  degraded  using 
SLS  and  2  ME.  Polyacrylamide  gel  electrophoresis  and  simultaneous 
co-runs  with  a  single  standard  (SIN)  allowed  molecular  weight  compari¬ 
sons.  The  results  indicate  that  members  of  any  major  serogroup  may 
be  identified  by  the  number  and  size  of  the  polypeptides  comprising 
the  virion.  The  four  group  A  viruses  each  have  two  polypeptides  and 
little  variation  in  the  molecular  weights  of  polypeptides  was  seen 
between  viruses,  BUN,  CE,  and  TAH  have  three  structural  polypeptides; 
again,  no  significant  deferences  were  found  between  these  three 
agents  by  these  methods.  Within  the  group,  however,  three  subgroups 
were  identified  on  the  basis  of  some  size  differences  of  one  of  the 
polypeptides.  The  polypeptides  of  JE,  SLE,  and  DEN-2  were  similar  in 
size  but  two  strains  of  Yellow  Fever  virus  (Asibi  and  French  Neuro¬ 
tropic)  clearly  differed  from  the  JE-3LE-DEN  group  by  a  significant 
(197.)  difference  in  the  size  of  the  V-2  ("core")  polypeptide.  LAN 
and  RSSE  viruses  had  a  dist inct i veiy  larger  (12%)  V- l  polypeptide 
compared  to  the  mosqui to-borne  group  B  viruses.  The  mechanism  or 
biological  expression  of  these  structural  differences  is  as  yet  un¬ 
determined,  but  the  correlation  of  structure  with  biologic  differences 
appears  to  be  of  fundamental  importance. 
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VI  f.  The  application  of  radio- immune  precipitation  (RIP)  techni¬ 
ques  to  the  study  of  certain  group  A  ai*K  viruses  has  revealed  the 
role  ol  certain  structural  antigens  in  crnss-react ions  exhibited  by 
group  members,  RIP  reactions  with  Sindbis  (SIN)  and  western  (WEE) 
and  eastern  equine  encephalitis  (EEE^  viruses  suggested  three  separate 
antibody  ?npulat  1  '.c*  in  dig]*:.  ri:,i  pc-|'*rtui  n0..  a<t  wEt.  *  irw>#  An., 
body  populations  defined  by  cross  reactions  and  RIP  inhibition  con¬ 
sisted  of  a  WEE  specific,  a  WEE-SIN  complex  reacting  and  broadly  cross 
reactive  population-inhibi ted  by  all  t hree  viruses.  Virion  degradation 
products  which  were  produced  bv  detergent  treatment  remained  antigenic 
and  could  be  monitored  by  RIP.  Envelope  protein  containing  components 
reacted  with  essentially  the  same  specificit)  as  virion  while  virus 
cores  appeared  broadly  cross  reactive  and  lacked  any  virus  type 
spec i  f ic i ty . 

Evaluation  of  1  formalin-killed,  troeze-dried  chikui.gunva 
(CHIK)  vaccine  carried  out  in  man  and  lower  primates  indicate  that  tnis 
vaccine,  prepared  in  green  monkev  kidney  cell  culture,  confers  pro¬ 
tection  for  at  leosl  a  year  after  a  primary  immunizati  m  series. 
Stability  studies  on  Tween- ether  extracted  and  i  oma  1  in- k  i  1 1«  d  CHTK 
vaccines  show  that  both  are  stable  for  at  least  one  year  and  Will  be 
tested  at  12  and  18  month  intervals.  Hemaggl ut in in  timers  of  Tween - 
ether  vaccines  (both  fluid  and  dried)  remained  remarkably  stable  over 
the  observ  .  i ion  period. 

VIII.  laboratory  studies  of  antibody  longevity  in  naturally  infected 
sentinel  quail  showed  that  maximum  neutralizing  antibody  titers  were 
observed  two  to  three  weeks  post  infection  but  antibody  could  be 
detected  for  greater  than  a  year. 

Arbovirus  ecology  studies  in  the  Pocomoke  Cypress  Swamp 
during  1970  indicated  considerable  FEE  virus  transmission  to  sentinel 
quail  during  the  late  summer.  Virus  transmission  did  not  appear  to 
be  restricted  to  the  swamp  habitat  proper  but  was  detected  in  sentinels 
placed  one  to  three  miles  from  the  study  area. 
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Task  00,  Communicable  Diseases  and  Immunology 

Work  Unit  167,  Rickettsial  diseases  of  military  personnel 

Investigators . 

Principal:  Bennett  L.  Elisberg,  M.D. 

Associate:  F,  Marilyn  Bozeman,  M.S.;  Janis  M.  Campbell,  M.S.; 

Charles  F.  Needy,  B.S.;  James  W.  Humphries;  rPT 
Bruce  E,  Rubin,  MC;  SP/5  Leslie  A.  Gunderst.*,  B.S.; 

SP/5  Daniel  Bonner,  M.S.;  PVT  Philip  C.  Familletti,  B.S. 

Description. 

During  the  current  reporting  period,  research  activities  have  been 
concerned  with:  (1)  the  scrub  typhus  vaccine  development  program 
including:  (a)  antigenic  analysis  of  the  prototype  Karp,  Gilliam 

and  Kato  strains  of  Rickettsia  tsutsugamushi  and  6  ether  distinctive 
strains  recovered  in  Thailand  using  complement  fixation  tests  with 
antigens  prepared  from  infected  yolk  sacs  of  embryeiated  hens*  eggs 
and  from  infected  tissue  culture  cells,  as  well  as  by  indirect 
immunofluorescence  with  rabbit  immune  sera  in  order  to  characterize 
the  antigens  common  to  the  different  strains;  fb)  development  of  a 
plaque  assay  system  for  R.  tsutsugamushi  which  could  be  used  for 
cloning  of  candidate  vaccine  strains  to  insure  purity;  (c) 
characteriration  of  the  immune  response  after  primary  infection  and 
after  subsequent  challenge  with  j*.  tsutsugamushi ;  (d)  development 
of  a  tissue  culture  neutralization  test  for  use  in  evaluation  of 
the  immunity  resulting  from  infection  and  immunization  with  experimental 
vaccines;  and  (e)  s.udy  of  the  genetic  stability  of  R.  tsutsugamushi 
in  vector  mites;  (2)  evaluation  of  the  existing  and  potential  military 
importance  of  R.  c.anada  by:  (a)  attempts  to  isolate  and  identify  the 
agents  causing  rickettsial  disease  among  military  personnel  and  their 
dependents  at  Fort  Bragg,  North  Carolina;  and  (b)  investigations  of 
the  etiology  of  Typhus  and  Spotted  Fever  Group  infections  occurring 
in  military  personnel  in  South  Vietnam;  and  (3)  evaluation  of  the 
status  of  Q  fever  infection  in  dogs  in  Bangkok,  Thai] and. 

Progress . 

1.  Scrub  Typhus  Vaccine  Development 

a.  Antigenic  Analysis  of  Prototype  Straps 

( 1 )  Scjjub_  Typhus  Comp 1 erne r  t: - Fj. xinfL  Ann*  ge u f  rom  Infected 
JfYJk  *  The  production  of  straiiv-^pe c  i  i : :  Icm&nt -fixing 
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antigens  is  a  necessary  prerequisite  for  determining  the  extent  of 
antigenic  diversity  that  exists  among  strains  of  Rickettsia  tsutsugamushi 
in  nature.  Attempts  to  demonstrate  the  antigenic  relationship  of 
78  strains  of  scrub  typhus  recovered  in  Thailand  to  the  prototype 
Karp,  Gilliam  and  Kato  strains  resulted  in  the  recognition  of  5 
other  distinctive  strains,  TA678,  TA686,  TA716,  TA763  and  TH1817. 

However,  it  still  has  not  been  possible  to  define  the  distribution 
of  these  candidate  prototype  strains  among  the  Thai  agents  recovered 
from  man,  wild  mammals  and  Leptotrombidium  chiggers.  Until  this  is 
accomplished,  other  antigenic  types  of  R.  tsutsugamushi  that  are 
suspected  of  being  present  in  the  collection  cannot  be  identified. 

A  polyvalent  killed  vaccine  that  can  be  expected  to  provide  a 
reasonable  degree  of  protection  against  disease  must  contain  antigens 
representative  of  all  those  present  in  the  different  antigenic  types. 
Complement  fixation  tests  with  strain-specific  antigens  and  serum 
produced  by  the  intracerebral  inoculation  of  guinea  pigs  identified 
the  major  antigenic  component  of  the  candidate  vaccine  strain.  The 
success  of  the  indirect  immunof luorescent  test  for  the  diagnosis  of 
human  disease  using  a  mixture  of  the  Karp,  Gilliam  and  Kato  strains 
as  antigens  indicated  that  there  was  considerable  duplicity ‘in  the 
antigenic  composition  of  wild  strains.  Therefore,  before  a  polyvalent 
vaccine  can  be  formulated,  the  minor  antigenic  components  of  candidate 
vaccine  strains  must  be  identified  so  that  the  fewest  number  of  strains 
can  be  used  to  provide  the  broadest  degree  of  protection. 

Karp,  Gilliam  and  Kato  strain-specific  antigens  have  been 
prepared  from  yolk  sacs  of  infected  eggs  with  a  reasonable  amount 
of  certainty  by  a  method  that  employed  adsorption  with  amberlite 
IRF-97,  sedimentation  through  20%  sucrose,  extraction  with  potassium 
acetate,  and  differential  centrifugation.  Continued  passage  of  the 
5  candidate  prototype  strains  in  embryonated  eggs  during  the  past 
year  still  has  not  produced  yolk  sacs  that  contain  the  numbers  of 
rickettsiae  required  for  antigen  preparation.  Repeated  attempts 
to  produce  antigens  with  the  most  heavily  infected  yolk  sacs  that 
could  be  obtained  were  unsuccessful.  In  most  instances,  anti¬ 
complementary  activity  obscured  specific  reactivity  of  the  preparations. 
At  best,  antigens  that  titered  1:10  with  homologous  serum  were 
produced,  but  the  volumes  of  these  were  inadequate  to  determine  their 
reactivity  with  all  of  the  sera  from  guinea  pigs  infected  with 
different  passage  levels  of  the  other  prototype  and  candidate 
prototype  strains.  Serial  passage  or  t^ese  strains  in  embryonated 
eggs  will  be  continued  with  the  hope  that  variants  more  suitable 
for  cultivation  in  eggs  will  emerge.  It  is  also  planned  to  use  newly 
developed  technics  of  zonal  centrifugation  in  an  attempt  to  recover 
from  lightly  infected  eggs  the  concentrations  of  rickettsiae 
required  for  antigen  production. 
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(2)  Scrub  Typhus  ccrap  lement  -- Fi  x  ng  Aytigens  rrom  Cell 
Cultures .  Recent  improvements  in  technics  tui  t  he  yrowth  of  cells 
on  the  relatively  large  surface  a  rets  oi  r.j]  er  nm;  led  to  attempts 

to  prepare  strain-specific,  r.s  well  as  bi ..a  • !  \  * -\2  scrub  typhus 

antigens,  from  heavily  Infected  .  elLs  ;-n  ,n  i  '  »:  tidily, 

monolayers  of  Vero  cells,  a  continuous  c«.ii  .Line  derived  from  African 
Green  monkey  kidney  tissue  were  used.  Th^  t  were  gr  wn  at  J7  C  in 

roller  bottles  with  690  ern^  of  growth  in. reared  v. i t; la  ..?0  ml  of 

medium  consisting  of  Minimum  Essential  Med  aim  (MKrly  and  10%  fetal 
bovine  serum  (FBS)  and  rotated  at  0.5  rum.  i’he  c«l  Ls  were  infected 
by  removing  75  ml  of  the  growth  medium  arb  adding  <; . 5  -  1.0  ml  of 
an  infected  yolk  sac  seed  suspensi  on  cour i  ni  r.y  10'  -  10®  50%  mouse 
infectious  doses .  After  an  absorption  pwr.\*d  oi  i  *.<  2  ar  ou  the 
roller  apparatus,  the  inoculum  was  rexeved,  i  ic  led  ml  ot  nidxntenance 
medium  (MM)  comprised  or  MLM  and  2%  F3S  was  avideJ.  ihe  MM  was  changed 
every  3  to  4  days  until  eycopath:.  el  feet  involving  90  to  100% 
of  the  cells  was  pn  ent  throughout  the  ell  sheet.  At  that  time, 
usually  18  to  21  da  *  arfer  infection,  the  ill'  .*  utaining  detached 
cells  and  rickettsiae  was  poured  oi  f  an f  ..wed.  .*  25  ml  volume  of  0.25% 
trypsin  was  added  to  each  bottle  and  iucubat^  1  for  jJ  win  to  remove 
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mixture  at  3,500  rpm  for  30  min  In  a  horizontal  head  at  4  C.  The 
supernatant  sucrose  solution  containing  most  of  the  rickettsiae  was 
harvested  from  the  sedimented  cellular  debris  and  centrifuged  at 
10,000  rpm  for  20  min.  After  a  wash  in  Shishido's  sucrose  PCy 
diluent  (2)  the  rickettsiae  were  resuspended  in  VBS  equivalent  to 
one-tenth  of  the  original  volume  of  antigen.  Although  there  was  a 
considerable  loss  in  volume  of  antigen,  this  procedure  was  necessary 
to  remove  the  AC  cellular  debris. 


Because  most  of  the  Vero-derived  antigens  were  AC,  two  other 
cell  lines  were  tried,  viz,  BS-C-1,  anoth  continuous  line  of  African 
Green  monkey  kidney  and  14pf,  a  fibrobla  -ived  from  areolar  tissue 
of  a  normal  rat.  The  procedure  for  pr  antigens  from  these 

cell  lines  was  essentially  the  same  as  sly  described. 


Only  small  volumes  of  antigens  have  been  prepared  from  these 
cell  lines,  but  they  have  less  AC  activity  than  the  Vero-derived 
antigens  and  with  centrifugation  through  20%  w/w  sucrose  most  of  the 
AC  activity  could  be  removed. 

Table  1  presents  the  complement-fixing  titers  of  Immune  sere 
from  guinea  pigs  infected  with  the  3  prototype  Karp,  Gilliam  and 
Kato  strains,  and  with  the  5  candidate  prototype  strains,  TA678, 

TA686,  TA716,  TA763  and  TH1817  tested  with  2  units  of  satisfactory 
tissue  culture  antigens  that  have  been  produced.  Immune  serum  from 
a  guinea  pig  Infected  with  TC586  which  was  being  evaluated  as  a 
substitute  for  the  Gilliam  strain  in  experimental  vaccine  was 
included  also.  Antigens  produced  in  different  cell  lines  by  inoculation 
of  the  samo  seed  suspension  of  TA686,  TA763  and  TH1817  exhibited 
different  patterns  of  reactivity  with  heterologous  immune  sera. 

In  contrast,  Gilliam  antigens  fixed  complement  only  in  the  presence 
of  the  homologous  and  TC586  immune  sera,  irrespective  of  the  cell 
line  used.  Because  of  the  limited  experience  with  tissue  culture 
antigens,  the  variation  in  reactivity  cannot  be  explained  definitively. 
These  findings  may  be  due  to  the  duration  of  the  cultivation  period 
and  method  of  processing  the  antigen  and  the  effect  these  factors  have 
upon  the  state  of  degeneration  or  breakdown  of  the  major  and  minor 
antigenic  components  of  the  respective  rickettsial  strains.  Use  of 
the  cell  culture-derived  antigens  in  studies  employing  immunofluorescence 
showed  them  to  be  unsatisfactory  because  of  distorted  morphology  and 
the  levels  of  reactivity  were  markedly  lower  than  was  found  with 
antigen  smears  prepared  from  suspensions  of  infected  yolk  sacs. 

Until  this  question  is  resolved,  it  will  not  be  possible  to  explain 
the  differences  between  reactivity  of  antigens  prepared  with  different 
passage  levels  of  the  same  strain  as  was  evident  with  the  17th  and 
39th  yolk  sac  passage  of  TA686.  Alternatively,  the  possibility  that 
some  of  the  candidate  prototype  strains  are  not  pure  but  are  comprised 
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TABLt  1 


COMPLEMENT-FIXING  ANTIBODY  TITER  OF  SERA  OF  GUINEA  PIGS 
INFECTED  WITH  STRAINS  OF  R.  TSUTSUGAMUSHI  WHEN  TESTED 
WTJtL  CERTAIN  TISSUE  CULTURE  ANTIGENS 

Immune  Guir^a  Ptg  Sera 
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of  mixtures  of  two  or  more  antigenic  types  cannot  be  excluded  at  this 
time.  Immune  sera  from  several  animals  infected  with  the  same  passage 
level  as  well  as  with  material  representative  of  earlier  stages  in 
the  passage  history  of  the  candidate  prototype  strains  have  been 
produced  to  determine  the  effect  of  continued  proprogation  upon  antigen 
composition.  Efforts  are  continuing  to  produce  larger  volumes  of 
cell  culture  antigens  that  are  type-specific  and  others  that  are 
broadly  reactive  in  order  to  complete  the  antigenic  analysis  of  the 
strains  of  R.  tsutsugamushi  under  study. 

(3)  Antigenic  Interrelationship  Among  Prototype  Scrub 
Typhus  Strains.  The  requirement  for  defining  the  minor  antigen 
components  of  candidate  strains  with  respect  to  the  production  of  a 
polyvalent  scrub  typhus  vaccine  has  been  discussed  in  previous 
sections  of  this  report.  Since  attempts  to  produce  broadly-reactive 
antigens  from  infected  yolk  sacs  for  the  purpose  of  identifying 
antigens  common  to  the  different  strains  failed,  the  antigenic 
interrelationship  among  the  strains  was  determined  by  indirect 
immunofluorescence . 

Groups  of  3  rabbits  were  infected  with  yolk  sac  suspensions  of 
each  of  the  8  strains  of  II.  tsutsugamushi.  Two  rabbits  were  infected 
with  the  Gilliam  homotype  TC586.  Serum  was  collected  from  the  rabbits 
28  days  after  inoculation.  Indirect  fluorescent  antibody  tests  were 
carried  out  with  the  serial  4-fold  dilutions  of  the  rabbit  sera  and 
antigens  comprised  of  smears  of  suspensions  of  yolk  sacs  infected 
with  the  respective  strains.  A  goat  anti-rabbit  fluorescein  conjugate 
was  used  to  detect  the  antirickettsial  antibodies. 

Table  2  summarizes  the  results  obtained.  Some  variation  in  the 
response  of  rabbits  receiving  the  same  inoculum  was  apparent. 
Differences  were  found  In  the  height  of  the  antibodies  reacting  with 
the  different  antigens.  Also,  serum  from  one  or  two  of  the  rabbits 
reacted  with  more  heterologous  antigens  than  the  others.  The  values 
presented  are  the  geometric  means  of  the  titers  of  each  rabbit  serum 
in  the  group,  with  the  following  exceptions.  None  of  the  rabbits 
infected  with  TA678  and  TH1817  developed  significant  levels  of 
homologous  antibody.  The  results  presented  in  Table  2  corresponding 
to  these  sera  were  obtained  with  specimens  collected  from  rabbits 
28  days  after  administering  the  last  of  a  series  of  3  inoculations, 

2  to  4  weeks  apart.  The  result  for  TA678  is  the  geometric  mean  of 
the  titers  of  2  rabbit  sera  and  that  for  TH1817  was  obtained  in  tests 
with  only  1  serum. 

Although  the  results  clearly  display  the  extent  of  the  antigenic 
interrelationship  among  the  prototype  and  candidate  prototype  strains, 
it  is  not  possible  to  determine  precisely  which  antigens  are  shared. 


j 
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TABLE  2 

ANTIGENIC  ANALYSIS  OF  CANDIDATE  PROTOTYPE  SCRUB 
TYPHUS  STRAINS  BY  INDIRECT  IMMUNOFLUORESCENCE 
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Geometric  Mean  Antibody  Titers  and  Antigem 
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The  occurrence  of  one  way  cross-reactivity  is  best  explained  by 
differences  in  the  concentration  of  the  antigens  shared  by  the 
respective  strains.  For  example,  the  antigen  in  TA716  which  is  shared 
with  TA678  was  high  enough  in  concentration  in  that  strain  to 
elicit  antibodies,  but  the  same  component  in  TA678  was  not,  although 
its  presence  was  detected  by  immuno fluorescent  staining.  The  profile 
of  the  reactions  obtained  by  immunofluorescence  also  serves  to 
reveal  differences  between  the  strains.  Although  TA716  and  TA763 
share  many  antigens  in  common,  there  are  significant  differences 
in  their  respective  antigenic  composition.  It  was  not  previously 
known  whether  strains  classified  as  homotypes  of  prototype  strains 
on  the  basis  of  complement  fixation  tests  had  the  same  or  different 
minor  antigenic  components.  The  results  of  the  tests  with  TC586, 
which  had  been  considered  a  Gilliam  homotype,  show  it  to  be  markedly 
different. 

It  is  possible  that  TC586  may  contain  another  distinctive 
antigen  component  in  addition  to  the  antigens  shared  with  Gilliam. 
Studies  are  in  progress  to  determine  if  homotypes  of  other  prototype 
strains  also  have  different  antigenic  components. 

If  it  is  assumed  that  the  cross-reactivity  detected  by  indirect 
immunofluorescence  is  indicative  of  the  amount  of  heterologous 
antigen  present  in  the  strain,  it  is  possible  to  use  these  data  to 
select  strains  for  a  polyvalent  vaccine.  Table  3  lists  the  composition 
of  the  vaccine  and  presents  the  relative  antibody  titers  that  might 
be  expected  from  the  individual  components  and  the  composite. 

The  theoretical  antibody  responses  were  calculated  from  the  values 
in  the  previous  table  by  adjusting  them  to  correspond  to  a  maximum 
homologous  response  of  1000.  Combining  4  strains,  TA763,  TH1817, 

TC586  and  TA678  would  be  expected  to  elicit  antibody  levels  equal 
to  or  greater  than  homologous  titers  obtained  with  monovalent 
vaccines  of  7  of  the  prototype  strains.  Although  antibodies  against 
Karp  and  Kato  would  be  noticeably  deficient,  it  is  not  known  if 
this  would  appreciably  affect  the  performance  of  the  vaccine. 

The  addition  of  the  Karp  strain  to  the  polyvalent  vaccine  would  be 
expected  to  afford  appreciable  protection  against  all  9  prototypes. 

The  antigenic  interrelationship  among  these  strains  will  be 
determined  by  indirect  immunofluorescence  with  guinea  pig  immune 
sera.  Since  guinea  pigs  have  been  immunized  with  previous  passage 
levels  of  the  prototype  strains,  comparison  of  the  results  of  tests 
should  show  whether  or  not  any  of  the  candidate  strains  have  been 
mixtures  of  2  or  more  antigenic  types.  If  the  pattern  of  heterologous 
reactivity  of  sera  from  guinea  pigs  infected  with  material  from 
different  passage  levels  is  constant,  then  the  strain  car  be  considered 
to  be  ant igenically  stable  and  probably  pure.  When  the  studies  with 
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Che  guinea  pig  sera  are  completed,  polyvalent  vaccines  will  be 
prepared  and  their  efficacy  tested. 

b.  Plaque  Assay  System  for  R.  tsutsugamushi 

Weinberg  et^  al.  (3)  using  Rickettsia  rickettsi  and  primary 
chick  embryo  fibroblasts  developed  the  first  successful  plaquing 
technic  for  assay  of  infectivity  of  rickettsial  suspensions. 

Employing  the  same  procedures,  McOade  et  al.  (4,  5,  6)  reported  the 
method  to  be  applicable  to  the  plaque  assay  of  other  members  of  the 
Spotted  Fever  Group,  as  well  as  for  R.  prowazeki,  R.  mooseri ,  Q 
fever  and  scrub  typhus  rickettsiae.  The  principal  requirement 
of  the  Department  of  Rickettsial  Diseases  for  a  plaque  assay  procedure 
was  (a)  to  clone  candidate  prototype  strains  of  R.  tsutsugamushi 
to  be  included  in  experimental  vaccines  in  order  to  insure  their 
purity;  and  (b)  to  confirm  the  existence  of  mixtures  of  different 
antigenic  types  in  certain  scrub  typhus  otrains  recovered  from  man, 
rodents  and  vector  chiggers  in  Thailand. 

Attempts  were  made  to  duplicate  the  results  reported  using  the 
following  basic  procedure.  Monolayers  of  primary  chick  embryo 
fibroblasts  were  produced  from  minced  10-day-old  chick  embryos 
treated  with  0.25Z  Difco  1:250  trypsin  for  30  min  at  room  temperature 
(RT).  After  enzyme  treatment,  the  cell  suspensions  were  strained 
through  cheese  cloth,  and  centrifuged  at  1,500  rpm  for  10  min. 

The  sediment  was  resuspended  in  a  nutrient  medium  consisting  of 
95Z  M199  and  5Z  calf  serum,  20  ml  per  embryo.  Five  ml  portions 
of  the  cell  suspensions  were  dispensed  into  Falcon  plastic  T30 
flasks  and  incubated  at  37  C.  The  following  day  the  medium  was 
poured  off  and  0.1  ml  of  serial  10-fold  dilutions  of  the  rickettsial 
seed  suspension  was  pipetted  onto  the  cells.  After  15  min  at  RT, 
the  infected  monolayers  of  cells  were  covered  with  5  ml  of  an  overlay 
medium  consisting  of  5Z  calf  serum  and  0.5Z  agarose  in  M199.  The 
flasks  were  then  incubated  at  32  C.  The  plaques  were  visualized 
after  staining  the  monolayer  of  cells  by  adding  a  second  overlay 
containing  0.01Z  neutral  red  in  M199  and  returning  the  flasks  to 
the  32  C  incubator.  The  duration  of  the  incubation  period  and  the 
time  of  the  staining  was  dependent  upon  the  species  of  the  infecting 
organism.  According  to  the  reports-,  Spotted  Fever  Group  rickettsiae 
usually  produced  plaques  in  5  to  6  days.  Typhus  Group  organisms 
took  10  to  11  days,  and  16  to  18  days  were  required  for  strains  of 
R.  tsutsugamushi. 

Many  attempts  to  reproduce  the  results  of  the  other  workers  have 
been  only  occasionally  and  unpredictably  successful.  In  14  of  25 
experiments,  plaques  were  obtained  in  one  or  more  flasks  infected 
with  the  Bitterroot  strain  of  R.  rickettsi ,  and  in  2  of  15  trials, 

R.  mooseri  plaques  were  formed.  Contrary  to  the  impression  given 


in  the  published  ae^oni:  ,  :  r.  v«s  m  po- .?  .  -  -  ny  plaques 

prior  to  staining  because  of  the  Jack  of  s,u'  •  '  i  •*  ovropatko logic 
changes  in  infected  c.ulLs.  The  only  Uih  «  pic  iii  Terence  between 
cells  in  the  plaques  ind  the  r'urro*M'I  •  ng  .-r  w. ■  •  rp  alter 
staining.  Int  raevt^p  j  ismic  granules  ni  .  ei.i  .u  j  «.  o  *cr6  not  found 
in  the  cel  comprising  the  plaqu  .  labie  •  •  h  eve  range  of 
numbers  of  plaqaes  obtained  in  differ  nt  'i  .  .  cx.ru peres  plaque 

titers  with  titer*;  obtained  by  i  nuciti  at  i  u"  1  a*  i  ha  '-oik  sac  of 

embryonsted  eggs.  It.  shoulu  be  poinivl  on  ilr*  he  table  is  a 
compilation  of  aJ  I  experiments  which  wetc  *  partially 

successful.  In  certain  titrations  whert  i  . «  1  :  rs  Jng  was  dona, 

plaques  were  found  in  only  otic  of  the  t1  <-<•:  .  2  i  i  hu  .ch  tr.r  numbers 

of  plaques  resulting  from  the  Lnc*  uiation  o!  P  »  sai.o  diJu  on  varied 
considerably,  the  Plaque.  Forming  Units  (PFtM  ca  -  wlatod  from  the 
mean  values  corresponding  to  the  10“^  and  10‘  *  dilutions  of  the  R. 
r ickettsi  seed  are  comparable.  The  pla^m  .  i  *. ->  ob* 'lined  with  both 
R.  rickettsl  and  R.  mooseri  were  at  jeast  iO-  fold  greater  than 
the  yolk  sa<  li0/«  lethal  do&e  (Y5LQ  /j  i  #  i,  , :  i  ar  the  greater 
sensitivity  of  the  plaque  assay  :ne  t  o  J  for  !m.i  :n!ng  »nfectivity. 

Efforts  to  procure  plaques  with  htr.iiv.  <1  ! } .  r  sul.su  gamus  hi 
were  all  essentially  unsuccess l ul .  in  .1  c*  Ic  cx-m  H meats  ,  innumerable 
tiny  plaques  w.*re  observed  in  mono  la  /e.-j  a  f  i. ..  witn  the  Gilliam 
strain.  In  on.,  instance,  the  inoculum  ws*  t*r»  J  dr'ution,  and 
in  the  other,  me  10“*^  dilution  ot  Cl j  1 J  i am  s*-.  oi  .  -ssr.  islon  which 
had  a  mouse  5(R  infectious  riase  tit.?*  of  >P‘  •!  Afv.-i  ,  jn  both 

trials,  plaques  were  not  t  jut.d  in  fiark-  :  ..ecu j  /;♦  c  u  with  higher 
d  lint  \  c  n 

Initially,  a  concerted  ef  tort  as  mud e  ;  d  up  i  t r  ate  ex  icily, 
step  by  step,  the  procedure  used  by  Mcuaele  ej  ai  .  which  he  kindly 
provided  in  Jet. *11.  rdter  many  cegatr/e  »-xj  *  *.\  ru.  .its  ,  howevt  r  ,  ail 
conceivable  fact  os  hat  r.ia>  have  inf] ‘device  i  :aqut  ouiatior  were 
evaluated.  Cell  culture  Media  and  .igatuoo  wer  purchased  from  the 
same  souice  used  b'  the  author*,  as  woV’  e  j'or*  other  manufacturers. 
Embryonat^d  unit*  and  1  rovn  eggs  fr^m  u..  r  fe;>  breaiinc  l  ines  were 
obtained  from  ‘eveial  hatcheries.  Various  U.es  and  :  v  nporat  ares 
of  incubation,  with  and  without  )t  tCn  in  t  *u  acmospnoro. ,  ~  ther 
types  of  rutv:an»  dniria  sera,  salt  ;ol 1  r  jo,.-  and  n.ro:ra.  red  were 
invest  igntr-i  r.e»  at  se  it  appeared  fh.ai  Liu1  d ;  M  not  survive 

loir.  *  Hi  ugl  ,  .m;: .  ;  mi  a r  :  \  during  th**  :  ■. ; i,.,  d  incabauion  oerind 
needed  t  t  pi.aqu  ng  of  u and  •<  tsu'.si  r.  :  ,  trie  concentration 

oi  Set.-::  i  »,{  f  u  s  r  igarose  oi-  ia\  u.*.-;  n  *  *  u.>ed  to  Glass 

2  cuiicp  pi  r  i  (j.r  'v?r.  tu  ?  ar^  ^  nst  :  .  j  i #  r;  netri 

dishes  wt-.*v  ..ui  ,;m  *:d  fv^t  Lhe  j) !  a  <  i  i  •  •-  •  . 


TABLE  4 


n 


COMPARISON  OF  PLAQUE  TITERS  AND  EMBRYONATED  EGG  LDjQ  TITERS 
OF  SUSPENSIONS  OF  R.  RICKETTSI  AND  R.  MOOSERI 


Seed 

Suspension 

YSLDso* 

Log1Q/ml 

Inoculum 

Dilution 

Lo«10 

No. 

Expts 

No.  Plaques 

Range  Mean 

PFU** 

Log1()/ml 

R.  rickettsi 

-5 

4 

TNTC+ 

- 

Bitterroot 

Strain 

6.95 

-6 

10 

13-80 

44 

8.64 

E55  ys  pool 

-7 

8 

1-16 

7 

8.85 

-5 

4 

TNTC 

- 

E55  ys  pool 

™++ 

ND 

-6 

4 

41-80 

66 

8.82 

-7 

4 

4-21 

8 

8.90 

R.  mooseri 

-6 

2 

TNTC 

Wilmington 

Strain 

8.15 

-7 

2 

TNTC 

-8 

2 

18-26 

22 

10.34 

*  Yolk  sac 

**  Plaque  forming  unit 
+  To  numerous  to  count 
++  Not  done 


On  many  occasions  apparently  h*  u’  rr  ;  f  >  ■  ♦  -Ik. 

became  uniformly  shiny  red  after  applying  »  h*.  m  v:  »*  r’.iriay 

instead  of  assuming  the  expected  :  ippiod  pin:.  ; i:  *  :e  uvnliy 
seen  when  normaL  cells  ben  me  till'd  /Ith  gi  i  *  j  ihi  jv*.  . 

Also  cells  in  large  irregular  areas  of  »  hr  ■  !  i  ie:.*'.‘hoi{  sp jut aneous ly 
during  the  incubation  period  after  aiding  f.h*  •>  r  i  ’  red  overlay. 

It  was  found  that  various  ^ots  of  plasti  tla  :  Lt  ovov!  di  :  fer^ncly . 

A  crystal  violet  dye  adherence  test  o’tainvd  :  ror  the  :anu  i*  act  urer 
was  used  to  determine  the  wetabiiity  r  f  i  It#.-  g:  -v.  th  .or  .n  e  oj  tin; 
plastic.  If  a  dilute  solution  oi  the  dv.  nr  ;.;* . .  :  *. .  )  !  r  r*  n  the  surface 
in  less  than  8  seconds,  the  Hydrophilic  t;  m,  '  :  *  tin  a  .  a  .e  was 

unsatisfactory.  This  may  explain  a  ;  »f  th.  I'.ii  h:r  .  experienced 

in  producing  plaques  by  rickeitslae,  siniv  •  it-  'log  shewed  that  ’3  of 
the  lots  used  did  not  pass  the  dye  test,  I!  •  ,  uky  slightly 

better  results  were  obtained  when  other  fJ  *:-;ks  that  were  acceptable 
were  used.  Although  plaques  *.ould  regular  i*,  he  jj r  »Jueud  in  b  to  b 
days  with  Spotted  Fever  C»oup  s^aln*,  the  oh*  k  utanr/o  fibroblasts 
still  would  not  survive  for  tr.e  Lu  to  18  days  required  for  product  ton 
of  plaques  with  scrub  typhus  rickectsiau.  nf  tempts  e;e  .ilroadv  in 
progress  using  nufrients  containing  nev/e  i  t !  r  soiu*;.:  af*  with  better 
buffering  capacity  that  have  resolved  sin.  liar  yr;b,eas  encountered 
by  others  for  plaque  production  with,  viruses.  In  ad<  l  [  •_  i  (  a ,  the 
suitability  of  certain  established  cell  lines;  t*.r  pi-jqiu.  assay  is 
under  investigati on . 

c.  Characterization  of  the  iaunure  Resp  n,  of  MJto  after  Infection 
and  Challenge  with  Rcrub  Typhn; 

Previous  workers  have  .*>howi:  nw.  killed  ru*  typhus 
vaccines  protect  mice  primarily  against  i  m  eut.  ici,  with  the  hjmologous 
strain.  However,  ;  ^ c c*  convalescent  fan  \:\io  t  ’  n  v  i  Lu  or e  j  crub 
typhus  strain  rest  t  lethal  challenge  wi.*h  *\\  utht.i  .,ttaim  (7)  . 

In  contrast,  when  man  Is  infected  with  j  : cb  yphus  -eterol ogous 
protection  is  incomplete  and  short  Mv.wi  Aiier  J  tx  3  months 
he  is  fully  susceptible  to  iufecrloi  with  other  ..nc;i  genic  types. 
Understanding  the  basis  of  the  irxiuait;.  pjoi'h.o  the  ;  cure  by 
infection  may  lead  tc  better  maavrj  o*  protect] rg  me-  against  disease 
than  might  be  achieved  by  a  pely\aiesu  killed  uC  ■  h  .  JYeviuus 
attempts  were  node  U.  r.ha^ac  t  c  l  f  >  t  the  antibody  j espouse  u*  mice 
following  initial  infection  with  the  prototype  1  arj  ,  n  i  j  J  j  am  and 
Kato  strains,  and  after  subsequent  hetero]  >  us  ch  j  !  "  ;v  The  effect 
of  route  of  inoculation,  size  of  **  of  entice.*  J  and  ..  a  Idiotic 
therapy  upon  the  antibody  response  aftc*-  primary  infection,  as  wtJl 
as  the  effect  of  the  si^a  of  tne  challenge  d  no.  upon  ie  ar. f  ibody 
respv»psp  at  te  r  challenge  were  studied-  I»u  i*>-  p».  no;  fur  treatment 
and  the  interval  between  infection  and  ;haj  esc*  wm  <■  hose  routinely 
used  :n  immut !  tv-challenge  * Apcrinents  tor  the  l«-;h  i : :  rj  Identification 
of  scrub  typhus  utrv'n.-.  It  w.i'  nofu»p;  i  n-  #  r..f-  ini  ini  infection. 


the  animal  developed  homologous  immunity  evoked  by  the  dominant 
antigenic  component  of  the  infecting  strain.  The  common  minor 
antigenic  components  primed  the  animal  so  that  after  exposure  to 
the  heterologous  strain,  a  booster  response  occurred  which  prevented 
death,  but  not  infection.  However,  review  of  the  data  showed  that 
on  the  36th  day  after  primary  infection  when  the  animals  were 
challenged,  both  homologous  and  heterologous  antibodies  were  still 
rising.  The  rate  of  antibody  production  and  the  ultimate  titers 
attained  in  animals  after  challenge  were  indistinguishable  from  the 
antibody  response  of  unchallenged  controls  (8). 

In  the  experiment  to  be  reported  here,  the  interval  between 
primary  infection  and  challenge  was  increased  in  order  to  detect 
a  booster  response  if  it  occurred.  In  addition,  an  attempt  was  to 
be  made  to  identify  the  immunoglobulin  class  of  the  homologous  and 
heterologous  antibody  resulting  from  primary  infection  and  challenge. 

Thirty  white  mice  weighing  10  to  12  gm  were  inoculated  intra- 
peritoneally  with  0.2  ml  of  10^  LD5Q  of  the  Karp  strain  and  challenged 
49  days  after  the  primary  inoculation  with  1()5*5  LDjq  of  the  Kato 
strain.  Previous  experiments  had  shown  that  both  homologous’  and 
heterologous  antibody  titers  would  be  either  constant  or  starting 
to  wane  at  that  time.  All  animals  were  treated  with  chloramphenicol 
by  administering  the  antibiotic  in  the  drinking  water  (2.5  mg/ml) 
from  the  3rd  day  through  the  21st  day  after  inoculation.  Serum 
pools  were  made  from  blood  collected  from  the  retroorbital  venous 
plexus  the  day  after  inoculation  and  at  2  to  4  day  intervals 
thereafter,  through  the  78th  day. 

The  antibody  titers  of  the  serum  pools  were  determined  by 
indirect  immunofluorescence  (IF)  and  complement  fixation  (CF) . 

In  the  IF  tests,  4-fold  serial  dilutions  were  tested  with  antigen 
smears  comprised  of  yolk  sac  suspensions  of  the  Karp,  Kato  and 
Gilliam  strains.  The  fluorescein  conjugate  employed  was  a  horse- 
derived  anti-mouse  whole  serum.  Prior  IF  tests,  in  which  Karp, 

Kato  and  Gilliam  mouse  immune  sera  were  tested  with  each  of  the 
corresponding  antigens,  displayed  considerable  heterologous  activity. 

In  general,  only  4-fold  differences  were  found  between  homologous 
and  heterologous  titers  in  reciprocal  tests  with  Kato  and  Karp  sera 
and  antigens.  The  titer  of  both  Karp  and  Kato  immune  sera  with  the 
Gilliam  antigen  was  about  16-fold  lower  than  the  homologous  titers. 

The  procedure  for  complement  fixation  used  was  the  CF-52  test 
developed  by  the  Department  of  Serology,  WRAIR,  adapted  to  the 
microtiter  system.  Two-fold  serial  dilutions  of  the  mouse  serum 
pools  were  tested  with  partially  purified  suspensions  of  the 
prototype  Karp,  Kato  and  Gilliam  strains.  These  antigens  were 
type-specific  and  did  not  fix  complement  with  32  to  128  units  of 
heterologous  antibody  in  immune  sera  collected  28  days  after  infection. 


* 


400 


Separation  oi  ;tiboJies  -i  i  he  IgM  .riu!  i  class  in  each  serum 
pool  was  dune  by  density  gradient  tint,  rif  ugat  i  on  .  Continuous  linear 
gradients,  from  10  to  40%  were  piepared  at  4  C  with  sucrose 
(rlbonuc  lease-free )  Jr:  tris-bui  feted  saline.  A  portion  of  the 
serum  i  vm,  wa.:  diluted  with  an  e  >nl  volume  oi  10%  surrnse  solution 
and  a  u .  1  ml  sample  \:,.is  layered  uii  tup  uf  the  4.4  mi  gradient  (9). 

U1 1 1  acee :  r if  ugat  ion  was  carried  out  i  n  the  Model  1.  Spinco  at  4  C 
using  an  TW  '39  rotor  a i  35,000  rpra  (100,000  x  g)  fur  18  to  22  hr. 
Thirteen  seri.il  fractions,  each  approximately  0.38  ml  in  volume, 
were  collected  J  rvm  the  bottom  of  tin  gradient  under  control  Jed 
press u re . 


Ills,  e  I  let  t.  i  vei.es  s  %j  j  the  .separation  ol  tint  i  bod  i  es  was  coniirmed 
dv  determining  the  total  protein  and  immunugj obn  1  J n  content  of  each 
of  the  fractions.  Tht  Lowry  method  (10)  was  used  to  determine  the 
concent  rat  i.on  oi  proteins  in  the  fractions.  In  ail  instances,  the 
characteristic  double-peaked  curve  was  obtained  when  the  results 
were  plotted  graphically.  The  first  low  peak  corresponded  to  the 
fourth  fraction  collected  and  the  second  high  peak  to  fraction  10. 

The  immunoglobulin  content  of  each  fraction  was  identified  with  the 
Ouchterlony  double  diffusion  technic  (11)  performed  on  alcohol- 
cleaned  slides  to  which  4  ml  of  27,  purified  agar  had  been  placed* 

A  sample  of  each  fraction  was  tested  against  both  goat  anti-mouse 
IgM  and  IgG  at  room  temperature  in  a  humidified  chamber  for  at 
least  18  hr.  Precipitin  lines  formed  between  wells  containing 
fractions  3  and  4  and  the  anti-mouse  IgM,  and  between  fractions  7 
through  10  and  the  anti-mouse  IgG.  The  anti-lgM  -  IgM  precipitin 
lines  were  generally  much  fainter  than  the  anti-lgG  -  IgG  lines. 

These  reactions  were  greatly  enhanced  by  treatment  with  0.125% 
cadmium  cations  after  the  lines  had  formed  (12). 

The  results  ol  the  IF  and  i  tests  with  Karp,  Gilliam  and  Kato 
antigens  and  the  pools  of  mouse  serum  collected  after  primary  infection 
with  the  Karp  strain,  and  subsequent  challenge  with  tne  Kato  strain 
are  illustrated  in  Figure  1.  Homologous  Karp  IF  antibody  was  first 
detected  14  days  after  inoculation  and  attained  peak  levels  on  the 
42nd  day.  Thereafter,  4-foJd  fluctuations  in  titer  occurred  until 
the  78th  day  when  the  experiment  was  terminated.  The  heterologous 
Kato  antibody  appeared  on  the  16th  day,  and  the  Gilliam  antibody  on 
the  32nd  day.  The  Kato  and  Gilliam  antibody  titers  paralleled  the 
Karp  antibody  titers  at  4-fold  and  16-fold  lower  levels  respectively, 
until  the  60th  day  of  the  experiment.  On  this  day,  which  corresponded 
to  the  11th  day  after  challenge  with  the  Kato  strain,  and  afterwards, 
there  was  obvious  dissociation  of  the  patterns  ol  the  respective 
antibody  curves.  Kato  antibody  titers  were  equal  to  the  Karp  titers 
on  day  60  and  64,  and  remained  constant  for  the  next  2  weeks. 


ANTIBODY  RESPONSE  OF  MICE  FOLLOWING  I NTRAPER I  TONE  Al.  I NOCLLAT I  ON 
OF  1 02  °LD60  KARP  STRAIN  DURING  TREATMENT  WITH  CHLORAMPHENICOL 
AND  AFTER  SUBSEQUENT  CHALLENGE  WITH  105'5  LD5Q  KATO  STRAIN 


DAYS  AFTER  PRIMARY  INOCULATION 


Similarly,  Gt  ilium  euihody  iiui  .  i  oi;  ■*  i  ned  o<  : .  ■  t  t  i  • « >n*  t  he  GO  th 
to  the  7 A 1 1 1  i  >•  at  4—  1 1»  1  ii  iuwer  than  th**  dam  a-it  ibodv. 

On  the  78t.h  day,  a  4-foJu  ciiop  i.u  .illiam  litter  was  observed.  These 
findings  .an  be  explained  bv  attributing  the  het ere  logons  Kato  and 
Gill  Lam  iu'  L!ku  h,  cativlty  1*0  or  the  fdith  day  to  i  t  o^s*  react  ivi  ty 

oi  Karp  ^ at i body  with  the  Ka* v  a:  d  sill  lam  antigens  always  displayed 
by  the  IF  test.  On  the  60th  das  and  thereafter,  antibodies  resulting 
from  the  challenge  will*  the  Fat  »  sf  -in  exceeded  t!ie  level  of  cross- 
reactivity  oi  the  kai  p  antibodies  in  were  Independently  manifested. 

j  ;  i  .  i >  ’  i  *.  ■  i  1  . 1 1  i  t  i  s  *  *  i  /  .ii  .  *  i  i  /.*.*  t  !i*  •  r  1  ass  o  f 

i  iru;  a;.*  «,  •  ■  !  u  J  i  n  n  ;  •  1 1  :  e  !  u  •  i*  .1  ait  i  •  'y  . .  i  i  i  t  \  .  Monospeci  f  i  e 

ant  i-mcuse  lgM  anJ  igG  I  i  nor  es».v  J :  e  n jugate?  wore  not  available 

from  .onuuereiii  sources.  Attempts  were  made  to  devise  a  3-step  indirect 
immune  t  Leo  res  i  u;t  [j  r  *  u.dur*1.  e  density  vradi.nt  fractions  were 
applied  t«  the  nuigee  smear*  rid  1 1 1* •  lul  lowing  reagents  were  added 
in  sequence  after  removal  >:  the  previous  one:  either  rabbit  anti¬ 
mouse  1  gK  or  raubii  nit  i -mouse  IgG,  and  then  goat  anti-rabbit  globulin 
fluorescein  conjugate.  ! he  results  indicated  that  the  rabbit  anti¬ 
mouse  LgM  and  !  gC  seta  vlm  e  n  t  as  nonospec i t  ic  in  the  fl  jorescent 

antibody  system  as  t hey  were  when  used  in  much  ter  I ony  double  diffusion 
and  lrununoe  1  ecirophurct  i*  Lectin  i  cs  . 

Tests  with  tlie  horse  anti-mouse  whole  serum  fluorescein  conjugate 
and  the  density  gradient  fractions  showed  the  reagent  was  reacting 
with  both  IgG  and  lgM  antibodies.  However,  antibody  could  not  be 
detected  in  any  of  the  fractions  unless  the  antibody  titer  of  the 
whole  scrum  war  1  :  1  00  . » i  greater.  The  resiii:*.  ot  tests  oi  the 
fractions  Ivom  the  doth,  com  and  64th  day  spec  linens  did  provide 
some  information  about  the  nature  of  the  immune  response  after  infection 
and  subsequent  challenge.  The  serum  pools  collected  on  these  days 
had  Karp  antibody  titers  of  1:640.  Fractions  1  and  4  of  the  46th 
day  specimen  in  whi  h  presumably  only  lgM  u.c  pr» sent  ,  titered  1:10 
with  tin*  Karp  antigen  only.  The  range  oi  ii  i  bodv  titers  found  in 
fractions  7,  8  and  9  oi  the  same  specime  in  which  presumably  only 
IgG  was  present,  were  1:40  to  1:160  with  the  Karp  antigen, and  L : 10 
to  1:40,  with  the  Kato  antigen.  Reactivity  with  the  Gilliam  antigen 
was  not  seen.  in  the  60th  day  specimen  collected  Ji  days  after  the 
Kato  challenge,  tractions  J,  4  and  *>  containing  lgM  titered  1:10 
with  the  Karp  antigen,  and  from  1:10  to  1:40  with  the  Kato  antigen. 

The  range  of  titers  in  fractions  7,  8  and  9  containing  IgG  with 
the  Karp,  KaLo  and  Gi I  liar:  .gens  were  respectively,  !:40  to  1:160, 

1:40,  and  1:]0  to  1:40.  ume  pattern  ol  result:  was  obtained 

with  the  tractions  i  mi  n4t.ii  day  spec  imen.  it  was  evident 

that  Karp  IgM  ant  iboch  v  decreasing  while  Kato  IgM  antibody  was 
increasing.  The  K.n  ,  Gilliam  ig(7  antibody  remained  the  same 
as  was  found  lou  iai  1  um  ,  but  the  amount  nt  Fate'  IgG  antibody 

had  increa  .  -d 


The  more  specific  complement  fixation  test  provided  a  clearer 
picture  of  the  antibody  response.  Homologous  Karp  antibody  was  first 
detected  on  day  10,  attained  peak  levels  on  the  36th  day  after  infection, 
and  remained  essentially  constant  until  the  end  of  the  experiment. 

Low  levels  of  Kato  and  Gilliam  antibody  were  found  initially  in  the 
12nd  and  38th  day  specimens,  respectively.  Prior  to  challenge  on  the 
49th  day,  the  heterologous  titers  were  16-fold  lower  than  the  level 
of  Karp  antibody.  The  Kato  antibody  began  to  increase  9  days  after 
challenge,  followed  2  days  later  by  the  Gilliam  antibody.  The  Kato 
antibody  reached  peak  levels  on  the  72nd  day  of  the  experiment,  23 
lays  at  ter  challenge. 


When  complement  fixation  tests  were  performed  on  the  density 
gradient  fractions  of  the  mouse  serum  pools,  it  was  found  initially 
tint  fractions  1  through  5  were  anticoraplementary .  The  anti  complementary 
activity  v/as  removed  by  dialysis  of  the  fractions  against  physiologic 
saline  at  4  C  for  24  hr  .  Complement-fixing  antibodies  were  found 
only  in  fractions  7  through  9  which  presumably  contained  only  IgG 
immunoglobulins.  The  relative  Karp,  Kato  and  Gilliam  antibody  titers 
paralleled  exactly  the  reactivity  of  the  whole  serum  pool.  Tests 
with  fractions  3  through  5  ot  all  of  the  serum  pools  were  negative. 

Other  workers  have  found  that  antigen-antibody  reactions  with  mouse 
JgM  immunoglobulins  do  not  fix  complement. 


Although  it  is  not  possible  to  state  unequivocally  that  the  antibody 
response  to  the  Kato  challenge  was  of  the  primary  type,  there  is 
little  evidence  to  indicate  that  it  was  a  secondary  response.  It 
had  been  reported  previously  that  the  t  ime  of  appearance  and  the 
rapidity  with  which  peak  levels  are  attained  are  influenced  by  the 
dose  of  the  inoculum  and  the  administration  of  antibiotics.  In 
an  earlier  experiment,  after  the  int raper itoneal  inoculation  of 
16  LD^q  of  the  Karp  strain,  which  does  not  kill  all  of  the  mice,  CF 
antibodies  were  first  detected  14  days  after  inoculation  and  peak 
titers  were  attained  around  the  17th  day.  The  administration  of 
antibiotics  delayed  the  appearance  of  antibodies  until  the  21st  day, 
and  peak  levels  were  not  reached  until  day  35.  Thus,  the  difference 
between  the  Karp  antibody  response  after  primary  infection  and  the 
Kato  antibody  response  after  challenge  could  be  attributed  to  the 
influence  of  the  chloramphenicol  treatment  from  day  3  through  day  21. 

When  1C)5«6  LD5Q  of  Kato  rickettsiae  were  inoculated  intraper itoneally , 
and  the  mice  treated  with  antibiotic,  CF  antibodies  appeared  on  the 
7th  day  and  were  at  maximal  levels  on  day  35.  When  similar  large 
doses  of  either  Karp  and  Kato  were  used  to  infect  mice  and  antibiotic 
was  not  administered,  CF  antibodies  were  found  on  day  7,  and  the 
homologous  titers  on  day  10  were  1:80.  Between  the  10th  and  14th 
day  all  of  the  mice  died.  Comparable  levels  of  Kato  antibody  were 
found  in  the  present  experiment  in  the  mice  10  days  after  challenge. 


This  evidence,  when  considered  with  the  results  of  the  IF  tests 
which  suggested  that  the  mice  developed  Kato  igM  antibodies  after 
challenge,  led  to  the  conclusion  that  a  secondary  or  booster 
antibody  response  was  not  the  basis  of  the  protection  afforded  the 
animals.  When  a  method  for  quantitating  the  rickettsial  neutralizing 
capacity  of  serum  is  available,  it  will  be  used  to  evaluate  further 
the  mechanism  of  immunity.  Future  plans  include  also  an  evaluation 
of  the  role  of  cellular  immunity. 

d.  Development  of  a  Tissue  Culture  Scrub  Typhus  Neutralization 

Test 

Studies  of  the  immunity  produced  by  either  infection  with 
R.  tsutsugamushi  or  the  administration  of  experimental  vaccines  have 
been  handicapped  by  the  lack  of  satisfactory  assay  met  ds.  The  only 
serologic  means  currently  available  to  quantitate  scrub  typhus 
antibodies  are  based  upon  indirect  immunofluorescence  (iF)  and  complement 
fixation  (CF) .  The  results  of  trials  with  killed  rat  lung-spleen 
vaccines  already  reported  failed  to  show  a  relationship  between  the 
presence  or  absence,  or  the  level  of  serum  antibodies  found  in  CF  and 
IF  tests,  and  the  ability  of  the  mouse  to  survive  challenge  with  the 
homologous  strain  (13).  At  the  present  time,  the  only  way  to  obtain 
valid  information  about  the  immune  status  of  man  or  experimental 
animals  is  to  determine  the  response  of  the  host  to  infectious  challenge. 
Previous  technics  demonstrating  in  vitro  neutralization  of  scrub 
typhus  rickettsiae  using  mice  (14)  and  tissue  culture  (15)  have  been 
imperfect  and  required  the  use  of  hyperimmune  sera.  Although  a 
plaque  assay  for  rickettsiae  has  been  reported  (3,  4,  5,  6),  its 
usefulness  for  demonstrating  neutralization  was  not  evaluated. 

Recently  other  investigators  have  reported  a  method  for  the  quantitative 
assay  of  Chlamydia  psittaci  in  cell  culture  and  its  application 
to  neutralization  tests  (16,  17,  18).  Incubation  of  the  seed 
suspension  with  antibody  in  this  procedure  resulted  in  a  significant 
reduction  in  the  number  of  infected  foci  found  in  the  cell  monolayer. 
These  authors  found  also  that  sensitivity  and  reproducibility  were 
increased  by  the  addition  of  antiglobulin  prepared  against  the  IgG 
immunoglobulins  in  the  serum  being  tested  to  the  immune  complex. 

Infected  foci  in  monolayers  of  cells  were  visualized  microscopically 
after  immunof luorescenl  staining. 

In  August  1970,  efforts  were  initiated  to  develop  a  similar 
neutralization  test  for  R.  tsutsugamushi .  This  report  is  concerned 
with  results  of  attempts  to  enumerate  quantitatively  scrub  typhus 
rickettsiae  in  cell  ultures.  Difficulties  were  encountered  initially 
in  the  selection  a  cell  line.  Preliminary  trials  with  primary 
chick  embryo  fibroblasts  and  Vero  African  Green  monkey  kidney  cells 
were  unsatisfactory.  These  cells  tended  to  overgrow  rapidly,  making 
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it  difficult  to  visualize  intracellular  scrub  typhus  rickettsiae  in 
compacted  and  overlapping  cytoplasm.  It  was  not  possible  to  control 
the  r He  of  growth  of  the  cells  by  varying  the  concentra t ion  of 
protein  in  the  nuuient  fluids.  In  addition,  considerable  nonspecific 
immunof luu rescent  staining  of  cellular  granules  complicated  the 
counting  of  rickettsiae. 

During  the  early  trials,  antibiotics  were  not  included  in  the 
nutrient  medium  because  its  possible  effect  upon  low  concentrations 
of  mi  croorganisms  was  unknown.  Prior  experience  in  this  laboratory 
had  shown  that  100  units  of  penicillin  and  20  ugm  of  streptomycin  per 
m]  did  not  Ir.hihir  the  growth  ot  R.  tsut sugamush i  when  the  multiplicity 
oi  organisms  t,  cell.-.  was  relatively  high;  i.  **.,  I  to  5  rickettsiae 
per  cell.  Recently,  the  trequeney  of  bacterial  contamination  has 
required  the  use  of  these  antibiotics. 

The  results  oi  expel  i merits  reported  here  were  obtained  with  BS-C-1 
cells,  another  continuous  line  of  African  Green  monkey  kidney  cells. 

The  primary  pur;  ^se  of  these  experiments  was  to  define  the  sensitivity 
of  the  assay  meth  d;  i.  e .  ,  to  determine  the  lowest  concentration  of 
rickettsiae  that  could  be  enumerated  accurately. 

The  proved:.!*?  was  essentially  the  same  in  all  the  experiments. 
Monolayers  of  Bb-C-l  cel  Ls  were  removed  from  stock  bottles  by 
treatment  with  0.25%  trypsin.  The  concentration  of  the  cells  In 
growth  medium,  consisting  of  10%  fetal  bovine  serum  (FBS>  and  2mM 
glutamine  in  M199,  was  adjusted  to  0.5  to  1.0  x  10^  cells  per  ml. 

The  suspension  was  distributed  in  1  mi  amounts  to  fiat-bottom 
cylindrical  vials  ea* h  containing  a  12  mm  circular  coverslip.  The 
tubes  were  incubated  at  37  C  until  there  was  80  to  100%  confluence 
of  cells  in  the  monolayer,  usually  1  to  3  days.  The  growth  medium 
was  removed  and  each  1  2  vials  were  inoculated  with  0.2  mi  of 
varying  concentrations  oi  a  yolk  sac  suspension  of  the  Karp  strain 
diluted  in  maintenance  medium  (2%  FBS  and  2mM  glutamine  in  M199) . 

The  vlaJs  were  centrifuged  in  a  horizontal  head  at  500  x  £  at  room 
temperature  for  .30  min  to  facilitate  infection  of  the  cells.  The 
inoculum  was  removed,  and  the  monolayer  washed  twice  with  maintenance 
medium.  Finally,  1  ml  of  maintenance  medium  was  added,  and  the  vials 
incubated  at  37  C  for  the  duration  of  the  experiment. 

Rickettsiae  in  Ute  cell  monolayers  were  enumerated  in  the  following 
manner.  After  removal  of  the  maintenance  medium,  the  monolayer  of 
cells  on  the  coverslip  was  washed  twice  with  phosphate  buffered  saline 
(PBS)  and  air-dried.  It  was  not  possible  to  identifv  rickettsiae 
in  cells  with  certainty  when  either  the  Giemsa  stain  or  the  Me  - 
Grunwaid  modification  was  used.  In  preparation  for  immunof luorescent 
staining,  the  monolayer  of  cells  on  the  coverslips  were  fixed  with 


acetone  for  10  min  and  then  dried  in  the  air.  The  coverslips  were 
treated  with  0.05  M  HC1,  washed,  air-dried,  and  then  stained  for  30 
min  at  37  C  with  a  mixture  of  a  1*20  dilution  of  the  rabbit  anti- 
Karp  fluorescein  conjugate  and  5%  rhodamine  bovine  albumin.  The 
fluorescent  dyes  were  removed,  the  coverslips  washed  twice  with  PBS 
and  allowed  to  air  dry.  The  coverslips  were  mounted  in  buffered 
glycerin,  pH  7.2,  on  a  slide  and  examined  with  the  dark-field 
fluorescent  microscope  at  450x  magnification.  Uninoculated  monolayers, 
included  in  each  experiment  as  controls,  were  processed  in  the  same 
manner. 

Table  5  presents  the  results  of  a  series  of  experiments  in  which 
attempts  were  made  to  enumerate  R.  tsutsugamushi  in  monolayers  of 
BS-C-1  cells  21  hr  after  infection  with  decreasing  concentrations 
of  the  Karp  strain.  The  results  are  grouped  according  to  the  dilution 
of  the  seed  suspension  to  facilitate  comparison  of  reproducibility 
from  experiment  to  experiment.  The  number  of  infected  cells  per 
coverslip  was  calculated  from  the  average  number  of  cells  counted 
in  the  indicated  number  of  high-powered  fields  (HPF) ,  multiplied 
by  the  total  number  of  HPF  included  on  the  surface  area  of  the 
coverslip.  The  per  cent  of  infected  cells  denotes  the  ratio  of  the 
average  number  of  infected  cells  to  the  average  number  of  total 
cells  counted  in  the  indicated  HPF.  In  the  course  of  carrying 
out  these  experiments,  it  was  apparent  that  as  the  concentration  of 
ricket tsiae  in  the  inoculum  was  reduced,  more  HPF  had  to  be  examined 
in  order  to  obtain  meaningful  values.  Thus,  the  12  HPF  counted  in 
early  experiments  was  increased  to  50  HPF  later.  A  certain  amount  of 
nonspecific  staining  of  particles  about  the  same  size  and  shape  as 
scrub  typhus  rickettsiae  also  was  noted.  The  magnitude  of  this 
problem  became  evident  when  cultures  were  infected  with  the  10~5*7 
and  10”^  dilutions  of  the  Karp  suspension.  In  certain  instances  in 
these  trials,  when  the  numbers  of  cells  thought  to  contain  rickettsiae 
in  infected  cultures  were  compared  with  the  number  of  cells  in 
uninoculated  controls  exhibiting  similarly  fluorescing  particles, 
virtually  no  difference  was  found.  Therefore,  the  results  of  most 
of  the  experiments  with  the  highest  dilutions  of  the  Karp  seed  are 
probably  invalid. 

There  was  considerable  variation  in  the  number  of  infected  cells 
counted  on  coverslips  inoculated  with  the  same  dilution  of  seed. 
Differences  were  noted  among  the  experiments,  as  well  as  within  the 
same  experiment  (Table  5).  The  greatest  discrepancies  occurred 
in  the  earlier  experiments,  and  more  recent  trials  agreed  more 
closely.  Nevertheless,  an  evaluation  of  sensitivity  of  the  assay 
system  can  be  made.  The  titer  of  the  Karp  suspension  expressed  as 
tissue  culture  cell  infectious  units  calculated  from  the  mean  values 
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TABLE  5 


ENUMERATION  OF  R.  TSUTSUGAMUSHI  IN  BS-C-1  CELLS 


Seed 

Dilution  Expt 


Infected  Cells  Per  Coverellp 

„  Loglrt  Number 

KPF  Meen  *10 

Counted  Percent  Number  (Range  t  1  SD)  Infected  Celle  (4  1  SD) 


io'4 

10 

12 

12 

3.' 

2.7 

2,584 
?,  128 

3.86 

(3.47-4.07) 

io*4 

11 

12 

12 

24.6 

13.5 

10,3->6 

6,384 

7,296 

_  t  <>  oca  1 1  tiQ\ 

10-4 

12 

20 

20 

16.8 

14.5 

12,768 

9,576 

\  *• ,  “  i  1 ,  o  ) 

o 

1 

*- 

■vj 

12 

20 

20 

2.3 

1.4 

1,368 

760 

3.24 

(2.88-3.43) 

10-4-7 

13 

50 

50 

2.9 

0.9 

2,128 

517 

1,737 

_  ( 7XA  *)  71A\ 

10-4-7 

19 

50 

50 

4.8 

..6 

1,388 

1,611 

10-4-7 

20 

50 

50 

5.6 

5.6 

2,888 

3,283 

10-5 

12 

20 

20 

0.5 

l.l 

304 

684 

3.04 

(2.40-3.29) 

10-5 

13 

50 

50 

0.7 

0.8 

426 

426 

1,100 

_  /nc*i  i  oain 

io*5 

19 

50 

50 

1.6 

2.7 

1,155 

1,124 

io"5 

20 

50 

50 

3.9 

5.2 

2,006 

2,675 

, a-5. 7 

50 

0.3 

213 

10 

13 

50 

0.4 

243 

l(f5-7 

19 

50 

2.3 

942 

888 

2.95 

_  /lie  i  e/i \ 

(2.37-3.19) 

-5. 7 

50 

2.6 

1,642 

10 

20 

50 

3.3 

1,398 

in”6 

50 

1.9 

1,064 

897 

2.95 

1U 

l\J 

50 

1.5 

730 

(661-1,133) 

(2.82-3.05) 
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obtained  wi  t  h  the  it  '  * ,  iU  '  “  ....  ■*.  ;  .  «i  i  u  h  .■  1 0 7  •  , 

107.94  and  respect ive ly .  ihe  t»::  ;  u*  j  *trtl».  .•  K  e  -i  HyR 

of  this  suspension  was  10^*^. 

The  tissue  cMitiiii*  jss.;v  syst^n  uj  i  ..*  .  *.  * "  a  he  iuf* 

multiplication  of  R.  t  sntsug.;nuhh  i  in  P.  n  *.u.T.r  u  Jen 

the  results  of  seveiul  exp*  r»ments  iu  w  a  :  i  :m  :  th<-  ;*.irp 

suspension  varying  frum  1/10,000  ro  1  1  1  *  i. ’  1 1 «  < ; . 

After  21  hr  incubation,  the  numbers  1  t  r  .  :uU.i  u'hs 

per  HPF,  and  rickett-iae  in  infected  ill:  wt-:t  .iitcd.  i  he 
calculation  of  the  multiplication  rat.*  v ..  \  » i  R  !  ‘  e  •*  sumption 

that  the  number  of  infected  rO  1  ,  was  an  ;*  >•  .  i  in*  m.;*,  •  i 

rickettsiae  inccuiateu  into  toe  n u  mr-  ;  r»  .  :  da  ir.e 

total  number  of  rickcttsia*  in  rk  ’  u  a  ;■**:  ’  Re¬ 
number  of  intected  a  11  s,  gave  tie*  mult  ip  .  i  .  !j.  :»>;*  flu 

appeared  to  be  a  tendency  for  the  rate  >.  mi  t.  -  \  !  *t  on  !  in  rtase 

with  the  inoculation  ct  greater  numbe:  !  I  *  *  .u  Tl.*  ■■\:!:di!y 

of  these  observations  mus_  be  coniirtneu  b«  c:  t  -i,  ::  i  :  v  .  <  »*s  .!»&/ 

be  due  to  sarapl<ng  error  re  nil  ting  ;  ror.  .  n  .  .  -  r*v.  .U  Y . 

Previous  investigations  in  this  labor  at  Ml’  fi  :  !  .*,  s*  \od 

that  R.  tsutsugamushi  increased  1-t  .Id  • . 

Table  7  summarizes  resm  ty  obtained  r  i  1  i  ^aint  mu  il 

for  1,  2  and  3  day  periods.  It  was  anti  iU-u  tr*i.  increase1*  n 

numbers  of  rickettsiae  due  to  multiplication  d:  nr  1  i.'.tvrded 
incubation  period  would  facilitate  enutier.uim  I  u-1 

The  absence  of  values  in  the  taMe  denotes  #N  o*  . .  :  »  n  *  lacteri.il 
contamination.  The  icsuits  indicate  th.it  w:tL.n  t.e  i :c  r  cf  sampling 

error,  there  was  no  change  in  the  number  i  ‘.he  ‘  1  col  s  over  the 

3  day  period.  Although  rickettsial  .*  wmc  mace,  thu*e  was 

no  observable  Increase  in  the  number  of  <  c-.inhscs  In  each  cell. 

Indeed,  there;  appeartci  to  be  ^  decrease  i  i.  lurr.te  r  .  incited 

cells  during  the  period  of  inquisition  in  the  .  ■  ]>  f  .  i  Inu-.  wiMi 

the  10~6  dilution.  Other  experiments  arc  ii  *  <  > •_>  r  n  e  htsnc 

the  relationship  between  the  dos  *  of  the  i  .,<vu  i  on  and  » !u  .t  !  1 1  y  of 

the  organisms  to  multiply  in  tissue  rail  me  c»  1 

Since  these  studios  wcv  completed,  v»  r k  dm  *  ue  bi»-i -i  el! 
has  been  discontinued.  Preliminary  truh  -  wi*l  4p*  <•  .nt;:iuwi;> 

line  of  rat  iibroulast,  have  shown  c’nis  ceil  i.>  i.aitaii)  leuti 
intraev toplasmi »  pircicLjs  resemL)  ng  rlck-fl  .  .u  .  i»:  iuditlon, 

the  acia  t  rc»af.ment -rhedanunt  bovi!»o  i  pr.eed^-e  was  d  l  or.  t  in’  ed 

and  0.005?.  Evans 1  blue  was  auopten  u:  a  ‘wni  .  These  ibaiiges 

have  almost  completely  eliminated  cliu  pi  blure..  nnstecifit 
fluorescence  of  normal  cellular  irrl  u!vn  .  #*;i»iuJo: 


TABLE  6 


GROWTH  OF  R.  TSUTSUGAMUSHI  IN  BS-C-1  CELLS 


Seed 

HPF 

Multiplication  Factor 

Dilution 

Counted 

Observed 

Mean 

SD 

12 

3. A 

12 

3.1 

1/10,000 

12 

6.6 

A. A3 

1.33 

12 

5. A 

20 

3.9 

20 

A. 2 

1/20,000 

12 

5.0 

A. 75 

0.35 

12 

A. 5 

12 

3. A 

3.A5 

0.07 

1/30,000 

12 

3.5 

12 

3.3 

3.55 

0.35 

1/ AO, 000 

12 

3.8 

20 

3.5 

2.65 

1.20 

1/50,000 

20 

1.8 

20 

2.8 

2.60 

0.28 

1/100,000 

20 

2. A 

TABLE  7 


INFLUENCE  OF  DURATION  OF  INCUBATION  PERIOD  UPON 
ENUMERATION  OF  R.  TSUTSUGAMUSHI  IN  BS-C-1  CELLS 


No.  Infected  Ceils  Pet 

Cover s 1  ip 

Seed 

HPF 

Incubation  Pe<  . 

od 

Dilution 

Expt.  No. 

Counted 

Day  1 

Day  2 

Day  3 

5,320* 

10,032** 

7,904 

1/2,000 

10 

10 

5,C16 

1 1 , 096 

2,584 

5,624 

6,840 

1/10,000 

10 

12 

2,128 

4,408 

5,928 

2,006 

2,736 

1/100,000 

20 

50 

2,675 

2,219 

942 

912 

1/500,000 

19 

50 

699 

1,642 

1,155 

1/500,000 

20 

50 

1,398 

1,034 

1,064 

364 

395 

1/1,000,000 

20 

50 

730 

134 

*  15  HPF  counted 

**  70  HPF  counted 


Recent  studies  by  other  investigators  of  the  interaction  of 
R.  prowazeki  and  human  macrophages  have  shown  that  rickettsiae  coated 
with  antibody  are  destroyed  within  several  days  after  phagocytosis. 

On  the  other  hand,  unsensitized  rickettsiae  quickly  escape  from  the 
phagosome  and  multiply  intracy toplasmicaliy  until  the  phagocyte 
was  destroyed  (19).  Earlier  this  year,  studies  were  initiated  to 
determine  if  guinea  pig  peritoneal  macrophages  could  be  used  for 
quantitative  enumeration  of  scrub  typhus  rickettsiae  and  for  the 
development  of  a  neutralization  test. 

Young  adult  guinea  pigs  were  inoculated  intraperitoneally  with 
10  ml  of  trypticase  soy  broth.  Three  days  later,  after  rapid 
euthenasia  by  the  intracardiac  injection  of  20  ml  of  pentobarbital, 

50  ml  of  M199  with  20%  FBS,  10  units/ml  heparin,  100  units/ml 
penicillin  and  20  Mgm/ml  streptomycin  were  inoculated  into  the 
peritoneal  cavity.  After  gentle  kneading,  the  abdomen  was  opened, 
the  fluid  removed  aseptically  and  kept  at  4  C  while  the  cell 
concentration  was  determined.  The  cells  were  sedimented  at  200  x  £ 
for  10  min.  The  supernatant  fluid  w ay  discarded  and  the  cells 
resuspended  to  original  volume  in  the  same  nutrient  solution  without 
the  heparin.  After  centrifugation,  the  cells  were  resuspended  in 
nutrient  medium  to  a  final  concentration  of  2  to  3  x  106  cells/ml. 

The  cell  suspension  was  distributed  in  1.0  ml  amounts  to  vials 
containing  12  mm  diameter  coverslips  and  incubated  at  37  C.  The 
following  day  the  monolayer  of  macrophages  was  about  80%  confluent. 

The  procedures  for  infection  with  dilutions  of  the  Karp  strain, 
and  the  subsequent  processing  for  immunof luorescent  staining,  was  as 
previously  described  for  experiments  with  B5-C-1  cells,  except 
Evans'  blue  was  used  as  "he  counterstain. 

Table  8  summarizes  the  results  of  two  experiments  in  which  R. 
tsutsugamushi  was  enumerated  in  guinea  pig  peritoneal  macrophages  21 
hr  after  inoculation  of  a  10~^  and  10“^  dilution  of  the  Karp  seed 
suspension.  The  indicated  values  were  calculated  as  previously 
described.  With  the  single  exception  obvious  in  experiment  26  with 
the  10~^  dilution,  the  results  of  replicate  tests  were  very  similar. 
The  titer  of  the  Karp  suspension  calculated  from  the  mean  values, 
expressed  as  tissue  culture  cell  infectious  units  would  be  107*^. 

The  mouse  ID5Q  titer  of  this  seed  suspension  was  10®*  The  results 
of  the  experiments  to  quantitate  R.  tsutsugamushi  in  BS-C-1  and  the 
guinea  pig  macrophages  are  compared  graphically  in  Figure  2.  The 
slopes  of  the  two  curves  are  comparable  if  the  points  corresponding 
to  the  1CT5*7  and  10"^  dilutions  in  BS-C-1  colls  are  disregarded^  The 
reasons  for  considering  these  values  Invalid  have  been  presented 
earlier. 
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TABLE  8 

ENUMERATION  OF  R.  TSUTSUGAMUSHI  IN  GUINEA  PIG  PERITONEAL 


of  Infected  Login  Number  of  Infected 


FIGURE  2 


ENUMERATION  OF  R.  TSUTSUGAMUSHI  IN  BS-C-1  CELLS 
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Reciprocal  Log^  Dilution  of  R.  tsutsugamushi 


Reciprocal  Loglft  Dilution  of  R.  tsutsugamushi 


When  the  sensitivity  oi  ihe  tv.  •.cl!  *  ?/*.-  <♦  •  :  i  ..t*J  .  .*nJ 

enumeration  of  rickettsiae  can  be  aoco;-ni  i  *  d  vit  ,  *  i-  m  ’uirtc 

degree  of  reproducibility,  attempt  wit.  :»•  i  f  a**cav 

system  for  scrub  typhus  neutralization  a  .  In  m\  *  th» 

usefulness  of  the  iluorometer  as  a  mean.*-'  4  u»  i.  a  -ur  it  1  objective 
measurement  of  the  number  of  fluorescing  *.  o  ; n  irh-Lu  i 

monolayers  on  coverslips  will  be  evaluated. 

e.  Study  of  Genetic  Stability  ot  R  r  *.*  s.iyji’.iush  '•»’«•*  r 

(1)  Preparation  and  Pert orman  e  i  1  i  ^  Aii^i  i_  - 

rickettsial  Serum  Fluorescein  Conjugates.  •'••tho  ;  m  *  ie 

identif lcat ion  of  an  organism  i  a  specie*  t  "  <.  i  sst  nd.i 

requires:  (a)  recovery  of  the  agent  in  ra  e ;  it.  *  :  t  •»  i  »»i 

characteristic  microscopic  morphology  in  Jiemsa-  twined  *n?.»r-;  of 
mouse  peritoneum  and  spleen;  and  {c)  estahl*  dung  tlu*vg:«  i  pmvuv- 
challenge  the  ability  of  mice  convaJ esc< nt  ron  feu  ■!  1  *v»  wi:h  the 
isolate  to  survive  lethal  challenge  with  a  n*  .  *■  i  *  e*i  dr..  : 

R.  tsutsugamushi .  At  best  this  procedut  *  require  ,  mi  nor  oi 
10  weeks.  Characterization  of  the  a:»u*cr  *  **l  re  hi**.  ’  an 

unknown  strain  to  subspecies  of  scrub  tynhu..  I’fiel*.  :-u'  on  vines ly 
established  as  prototypes  or  candidate  j-ntutype?  t-nljJl*  :  (  n  its 

adaption  to  cultivation  in  the  yolk  sac  o  imho  rue. at  ai  inn  ’  »jggr;; 

(b)  preparation  of  strain-spec i i i <  ton>.  1  eu  r»r  -  i  .  Lag  •  f  •  ; 

(c)  production  of  immune  sera  by  ; nt  r.n  creb i a  :  :  i » 1  . t  ’  n  c  guinea 

pigs  with  suspensions  of  infected  mouse  spleen  a*. -I  ni1  c  irryinp  out 
cross-complement  fixation  tests  with  an  arrn.  f  tin  p:  to»yp«  antigens 

and  the  corresponding  immune  gui  iea  pig  s  *r  .  . h r  )  .  .  .pa1  i.lficu  tv 

in  this  procedure  is  to  obtain  the  heavy  ron<  •  iu  r  ,  *  n  r  !  :k°  r  tr.  i  ae 

in  infected  yolk  sacs  that  are  required  tor  the  ,-r  imm  i  -.r  < \  arisfactury 

st  rain-specific  coinplement-f  ixing  antigens,  ivei  r  r..»nv  of 

continuous  cultivation  of  most  ot  the  oandidM.  r*ro’[r\;.  "r  in; 
under  study  by  the  Department  ^>f  Rickettsial  Disonen  tr  si,’ I  has 
not  been  possible  to  complete  their  ant*  sen  it  i  i  ar  tc  er*  v  i  m.  . 

Similar  difficult  and  length  procedure**  ar  lr.*,!  r-.i  \  u«  specific 

identification  of  other  species  belonging  .  the  I'voh-n  Croup  and 
Spotted  Fever  Group  of  rickettsiae. 


Proposed  studies  to  determine  It  change*  : r«  .n 
of  R.  tsus t ugamush  1  occurred  during  transit. «! i.i  1  i. 
transmission  in  vector  mites  required  devo i  .nm.-n r 
rapid,  specific  identif lcat icn  of  strains  or  s  rub 
attempts  were  made  to  conjugate  l;iULur«e  sor..  .  <  1-  .  . 
react  specifically  with  the  homologous  j  y, .  •  i  •:  .«.i 
identification  under  trie  fluorescent  r..ic 
has  been  devoted  to  the  preparation  oi  leager.ts  1  i 
fluorescent  staining  oi  strains  of  R.  f  mu 
extent  wt  lb  species  oi  ricketts.au  i  ».  1  i.:i;  f »  y  1 
Typhus  Groups. 


l  i  n  j  i  <.  pcs  i  t  ion 
c  t  r  ar.s>  »mr  i  a i 
*  it  c f  1  !  n  *  r 
:  ;  :.n-*  ror  re'.juen*  ly 
;ciT;g  d>es  that 
•*  .*  rr  t  epec  i  es 

:  -i*  i  pe  1  effort 
d  :  ’*t  t  irmuno- 
,  ard  *o  a  lesser 
t  -  r'e  Fer  tind 


In  the  Annual  Report  from  1969-19  70,  preliminary  results  were 
described  indicating  that  direct-staining  conjugates  prepared  from 
sera  collected  from  rabbits  25  days  after  infection  with  either  Karp, 
Gilliam  or  Kato  and  conjugated  with  fluorescein  isothiocyanate  were 
sufficiently  specific  to  distinguish  the  respective  strain  from  the 
other  two  prototypes.  It  is  known  that  antibodies  in  sera  collected 
from  rabbits  early  after  immunization,  which  are  principally  of  the 
IgM  class  of  immunoglobulins,  exhibit  more  specific  serologic 
reactivity  than  antibodies  in  sera  collected  later  that  are  almost 
wholly  IgG  immunoglobulin.  Thus,  groups  of  3  rabbits  were  infected 
intraperitoneally  with  about  10®'**  50%  mouse  infectious  doses  of  each 
of  the  5  Thai  candidate  prototype  strains,  TA678,  TA686,  TA716, 

TA763  and  TH1817.  Serum  was  obtained  from  each  animal  14  days  and  28 
days  after  Inoculation.  The  antibody  titer  of  each  specimen  was 
determined  by  indirect  immunofluorescence  with  smears  of  yolk  sac 
suspensions  of  the  homologous  organisms.  In  no  instance  did  the 
14-day  serum  contain  sufficient  levels  of  antibodies  to  warrant 
attempts  at  conjugation.  Previous  experience  had  shown  that  rabbit 
serum  had  to  have  an  immuno fluorescent  titer  of  1:2,560  or  greater 
in  order  to  prepare  a  satisfactory  conjugate.  Even  after  28  days, 
none  of  the  rabbits  infected  with  TA678  or  TH1817  had  developed  the 
required  levels  of  antibodies.  Work  is  in  progress  to  produce  the 
necessary  antibody  titers  in  other  rabbits  by  administering  repeated 
booster  doses  of  these  two  strains. 

The  method  used  tor  conjugating  fluorescein  to  antibody  was  aa 
follows:  To  10  ml  of  cold  TA686,  TA716  and  TA763  rabbit  antiserum, 
an  equal  volume  of  cold  3.2  M  ammonium  sulfate  was  added  slowly. 

A  precipitate  formed  when  about  half  of  the  sulfate  solution  had  been 
added.  The  suspension  was  mixed  continuously  for  4  hr  at  4  C,  after 
which  the  precipitated  globulins  were  sedimented  by  centrifugation 
at  10,000  rpm  for  10  min.  The  supernatant  fluid  was  discarded  and 
the  globulins  were  dissolved  in  10  ml  of  distilled  water.  The 
globulins  were  precipitated  again  with  10  ml  of  3.2  M  ammonium  sulfate, 
sedimented  by  centrifugation,  and  then  dissolved  in  4  to  5  ml  distilled 
water.  Residual  ammonium  sulfate  was  removed  by  dialysis  against 
saline  overnight.  The  protein  content  of  the  globulin  solution  was 
determined  by  the  Biuret  reaction.  A  sodium  bicarbonate-sodium 
carbonate  buffer  was  added  to  form  10%  of  the  final  volume  and  the 
solution  was  adjusted  to  pH  10.  To  the  cold  alkaline  globulin 
solution  was  added  1  mg  fluorescein  lsothiocyanate  (FITC)  for  each 
20  mg  of  protein.  The  mixture  was  stirred  overnight  at  4  C.  Unlabeled 
FITC  was  removed  by  passing  the  conjugate  through  a  Sephadex  G50 
column. 

Table  9  present!  the  results  obtained  when  2-fold  serial  dilutions 
of  the  conjugates  for  TA686,  TA716  and  TA763  as  well  as  those  previously 


TABLE  9 

DIRECT  DtfUNO FLUORESCENT  STAINING  OF  STRAINS  OF  R.  TSUTSUGAMUSHI 


Antige 


made  for  Karp,  Gilliam  and  Kato  were  applied  to  smears  of  yolk  sac 
suspensions  of  the  3  prototype  and  5  candidate  prototype  strains  of 
R.  tsutsugamushi .  Smears  of  TC586  were  included  also  because  of  its 
interest  as  a  substitute  for  Gilliam  in  experimental  vaccines. 

Minimal  reaction  (1“)  denotes  that  definite  rickettsial  morphology 
was  recognizable  although  the  intensity  of  fluorescence  was  slight. 

All  conjugates  were  diluted  in  a  diluent  prepared  by  ether  extraction 
of  a  10%  normal  yolk  sac  suspension.  The  addition  of  Evans'  blue 
in  final  concentration  of  0.005%  to  the  diluent  greatly  decreased 
background  staining  and  autofluorescence,  thereby  enhancing  the 
fluorescence  of  the  rickettsiae. 

The  TA686  conjugate  exhibited  reactivity  only  with  the  homologous 
antigen.  The  Gilliam  conjugate  stained  its  corresponding  antigen  and 
TC586  which  is  considered  to  be  a  homotype  of  the  Gilliam  strain  on 
the  basis  of  complement  fixation  tests  reported  previously.  The 
heterologous  reactivity  evident  with  the  Karp  conjugate  did  not 
preclude  its  use  for  specific  identification  because  at  a  dilution 
of  1:256,  which  produced  2+  homologous  fluorescence,  it  did  not  stain 
the  other  strains.  Although  the  Kato  conjugate  could  be  used  at  a 
1:256  dilution  to  differentiate  it  from  Karp,  TA686  and  4  other  strains, 
the  reagent  would  not  distinguish  between  Kato,  TA716  and  TA763. 

The  TA716  and  TA763  conjugates  were  much  less  specific  in  reactivity 
and  would  differentiate  the  homologous  strain  from  4  other,  and  6 
other  strains,  respectively.  If  all  of  the  prototype  and  candidate 
prototype  strains  are  comprised  of  single  antigenic  types,  then  the 
heterologous  reactivity  exhibited  Ly  the  conjugates  was  due  to  the 
sharing  of  common  antigens.  The  antigenic  interrelationship  among 
these  strains  of  scrub  typhus  that  was  apparent  when  the  unconjugated 
rabbit  Immune  sera  were  tested  with  homologous  and  heterologous 
antigens  by  Indirect  immunofluorescence  has  been  described  previously  in 
this  report.  In  general,  the  process  of  conjugating  the  antibody 
with  fluorescein  reduced  or  eliminated  some  of  the  heterologous 
reactivity  evident  in  indirect  fluorescent  antibody  tests.  Attempts 
are  continuing  to  produce  more  specific  reagents  by  selection  of 
rabbit  Immune  sera  containing  higher  levels  of  homologous  antibody 
than  used  previously  for  conjugation  and  by  adsorption  with  heterologous 
strain  antigens. 

Rabbit  immune  sera  have  been  collected  in  order  to  prepare 
direct  conjugates  labeled  with  tetramethy lrhodamine  Isothiocyanate 
(TMRITC)  for  use  with  fluorescein  conjugates  to  identify  the 
components  of  mixtures  of  strains  by  coincident  staining.  Thus  far, 
only  a  Gilliam  TMRITC-labeled  reagent  has  been  prepared  and  tested 
against  the  array  of  9  prototype  and  candidate  prototype  antigens. 

The  homologous  titer  was  1:128.  The  only  heterologous  reactivity  was 
with  the  Gilliam  homotype  TC586  and  the  titer  was  2-fold  lower. 
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Work  is  in  progress  also  to  prepare  a  njuq.tr, •  tov  members  of 
the  Spotted  Fever  and  Typhus  Groups.  To  dare*  FI  C-oon  jug-j  u  d 
antisera  for  2  strains  of  R_.  ricket t si  and  :irn  s trail,  of  K  mu o s e r i 
have  been  made.  These  reagents  are  group-reactive  a. id  will  not 
differentiate  among  the  different  species  in  tne  respect  i  ve  groups. 

As  time  permits,  efforts  will  continue  to  prepare  direct  inmuino- 
fluorescent  staining  reagents  that  can  he  used  for  species  identification 
of  groups  of  rickettsiae  other  than  scrub  typnus. 

(2)  Influence  of  Transovarial  Tr ; nisini  ss  iei\  in  st-ptoi romb id urn 
(L.)  akamushi  upon  the  Antigenic  Composition  of  S us  Rickett  siae . 
Because  little  is  known  about  the  extent  of  antigenic  dj\*  ■  s i t y  that 
exists  among  strains  of  scrub  typhus,  the  feasibility  of  ,  ./eloping 
a  polyvalent  killed  vaccine  that  would  afford  significant  protection 
against  the  disease  can  be  questioned.  This  phenomenon  of  antigenic 
heterogeneity  is  unique  since  it  has  not  been  ubsen'rd  w|k  n  other 
species  of  rickettsiae  causing  human  disease.  In  older  to  obtain 
some  insight  into  the  complexity  and  magnitude  of  tn;  problem  a 
collaborative  project  was  initiated  wif.n  the  I  .  .  Army  Medical 

Research  Unit  (USAMRU)  ,  Malaysia,  to  determine  if  the  antigenic 
composition  of  strains  of  R_.  tsutsugamuslu  remains  constant  through 
developmental  stages  and  transovarial  transmi >sion  in  vector  mftes, 
as  well  as  during  the  period  of  chronic  infection  In  a’ammalian  hosts. 

This  report  is  concerned  with  the  initial  observations  made  in 
Malaysia  and  at  WRAIR  of  the  antigenic  composition  of  the  scrub  typhus 
rickettsiae  in  a  naturally-infected  colony  of  I  opt f  t  rombidium  (L . ) 
akamushi  developed  and  maintained  by  USAMRU  in  Malavsic. 

The  colony  was  derived  in  the  following  manner.  Initially,  100 
unengorged  L_.  (L.)  akamushi  larvae  collected  in  nature  were  fed  together 
on  a  single  normal  white  laboratory  mouse.  One  adult  male*  and  female 
mite  developing  frorj  the  larvae  were  selected  and  mated.  During  the 
feeding  the  mouse  was  naturally  infected  with  R.  tsutsugamushi  and 
the  strain  recovered  from  it  was  des4gnafpd  r he  parent  strain, 

MF-1854.  The  relationship  of  the  parent  strain  to  the  rickettsial 
organisms  subsequently  recovered  from  successive'  generations  is 
unknown.  It  is  unlikely  that  the  female  nice  to  initiate  the 

colony  developed  from  the  only  larva  in  the  group  that  was  Infected. 

The  possibility  that  two  or  more  of  the  otiginal  larvae  infected 

and  transmitted  their  respective  strains  to  the  mouse  at  the  time  of 
feeding  cannot  be  excluded.  Indeed,  the  parent  sCiuiu  MT-lBbA  may 
be  a  mixture  of  antigenic  diverse  strains  of  winch  only  one  is  the 
agent  carried  in  the  colony.  Alternatively,  the  infected  larva  from 
which  the  colony  was  derived  may  not  have  infected  the  mouse  with  its 
agent .  Tn  this  case  the  parent  strain  would  then  be  completely 
unrelated  to  the  scrub  typhus  rickettsiae  in  1  he  colony. 
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Larvae  emerging  from  eggs  produced  as  the  result  of  the  first 
mating  were  fed  individually  on  separate  white  mice,  collected  and 
reared  to  the  adult  stage  whenever  possible.  Strains  of  R.  tsutsugamushi 
were  recovered  from  each  of  the  mice  used  to  feed  these  first 
generation  larvae  (F-l).  All  of  the  larvae  from  the  first  and  next 
several  generations  developed  into  female  mites  and  perpetuation 
of  the  colony  was  accomplished  by  mating  them  with  male  mites 
selected  from  another  co Lony  of  I*.  (L . )  akamushi  that  was  proven  not 
to  be  infected  with  R.  tsutsugamushi .  Strains  of  scrub  typhus 
rickettsiae  in  successive  generations  were  obtained  in  the  same 
manner;  e_,  t  by  feeding  of  the  sibling  larvae  individually  on 
separate  mice.  The  results  of  the  study  of  the  transovarial  and 
filial  infection  rates  in  successive  generations  of  the  colony  and 
the  possible  relationship  of  infection  of  the  larvae  and  the  sex  of 
its  adult  stage  have  been  reported  elsewhere  by  Rapmund  £t  al .  (20). 

The  antigenic  composition  of  the  strain  of  R.  tsutsugamushi 
transmitted  by  sibling  larvae  of  successive  generations  was  to  be 
determined  as  follows.  After  the  isolate  from  the  individual  mouse 
used  for  feeding  had  been  established  by  1  to  3  serial  passages  of 
spleen  suspensions  inoculated  intraperitoneally  into  other  normal 
mice,  smears  of  peritoneum  were  to  be  prepared  for  direct  immuno- 
fluorescent  staining  with  fluorescein-labeled  antibody  specific 
for  each  of  the  3  prototype  and  the  5  candidate  prototype  strains 
under  study  at  WRAIR.  These  reagents  were  to  be  produced  by  the 
Department  of  Rickettsial  Diseases  and  provided  to  USAMRU,  Malaysia. 

The  numbers  of  rickettsiae  in  the  smears  were  to  be  ascertained 
by  microscopic  examination  of  duplicate  smears  stained  with  Giemsa 
stain.  Each  of  3  guinea  pigs  was  to  be  inoculated  intracerebrally 
with  a  suspension  of  the  spleens  obtained  from  the  same  mice  used 
for  preparation  of  the  peritoneal  smears.  Sera  collected  from  the 
guinea  pigs  28  days  after  inoculation  were  to  be  tested  at  WRAIR 
with  strain-specif ic  complement-fixing  antigens  prepared  with  the 
prototype  and  candidate  prototype  strains. 

Although  it  has  not  yet  been  possible  to  prepare  all  of  the 
immunof luorescent  conjugates  and  complement-fixing  antigens  included 
in  the  plan,  the  results  of  tests  that  have  been  carried  out  with 
available  reagents  are  sufficiently  important  to  be  reported. 

Several  years  ago,  USAMRU,  Malaysia,  kindly  provided  the  Department 
of  Rickettsial  Disease,  WRAIR,  the  parent  strain,  strains  from  6 
sibling  larvae  in  the  first  generation  (F-l)  and  strains  from  32 
second  generation  (F-2)  larvae.  During  the  current  year,  antigenic 
analysis  of  the  parent  strain,  all  F-l  strains  and  12  of  the  F-2 
strains  was  carried  out  as  described  above  using  anti-Karp,  -Kato 


and  -Gilliam  fluorescein  conjugates  .or  dj  rtc*  .  .  .an*  i  Jjoiv.s*  eiil 
staining  of  rickettsiae,  and  Karp,  Kato  and  C  .  on.;*  i  emeu  t  - 

fixing  antigens  for  testing  the  guinea  pig  s.^ra.  10  summ.u  i  zes 

the  results  of  these  tests  and  presents  jnierinat:  1  ab-'ut  the  faniilv 
history  of  the  strains  and  thcLr  virulence,  ir  m :  »  .  B  i  ud  upon  t  he 

effect  of  int raperi toneal  Inoculation  of  a  1  i  t  .  -  i  pension  til 

infected  spleen  into  mice  after  at  least  t  v  j  ••  m^.vu  ,.e,  uninterrupted 
serial  passages;  4+  denotes  that  all  mice  w  re  d<* ad  '  v  tin*  14th 
day;  3+,  all  mice  died  between  the  14th  ana  21  ot  lavs;  . +  ,  <uie  or  more 
mice  survived  the  infection;  and  1+  signiMrs  thir  uu  k‘  t  1  the  ic.locti  ! 

mice  died.  The  complement  fixation  tests  with  t  !u  '  pi  :  -»i ;*pe 

antigens  provided  information  about  the  t  i ;  t  i  *  i  t  .  ic  w  »om  nts 
of  the  larval  strains.  The  titers  presented  lud.tnie  ih**  ngf*  ot 
antibody  levels  found  in  the  serum  f  rt  ir  e..,c'n  1  l  t*«  '  guinea  pig- 
inoculated  with  the  same  strain.  These  data  •  rei  *  it*  1  that  the 
parent  strain,  MF-1854,  was  Karp-like,  whereas  ; he  r-1  and  F-2 
generation  strains  were  Kato- like. 

Inspection  of  the  results  of  ths  immune!  uiTChioiH  raining  of 
the  rickettsiae  in  mouse  peritoneal  smears  i  id '  '  * i  char  the  antigenic 

composition  of  the  mite  strains  were  different  i  rein  .in  >riesi;onding 
prototype  strains  (Table  10).  One  F -1  general  ion  str  v'n  and  seven 
F-2  generation  strains  that  were  classifier,  as  ’'ato-like  *  n  the  oasis 
of  complement  fixation  tests  were  omitted  from  ihv  table  verause 
rickettsiae  were  not  seen  in  smears  of  mouse  peritoneum  cither  after 
immunof luorescent  staining  or  in  Giemsa-stu  find  smt.ai  Ihc  intensity 
of  fluorescence  of  the  mite  strains  was  s i  g:i  i  f  i  <  ant  1  ,*  lc-u>  than  that 
observed  with  the  related  prototype.  Furt  he  rn:v.<  i  •  ,  t  1  *  i  .  i*»  -  mite 
strains,  except  MF-2328  and  MF-2651,  were  .stained  wirn  two  or  :mre 
of  the  conjugates  indicating  in terre  .at i or.su i p>  were  :v  t  found 

among  the  Drototype  strains  themselves  Prior  test  with  ant  1 - 
prototype  conjugates  diluted  in  normal  yelk  .-.a  diluent  diowed  the 
conjugates  to  be  s t i ain-speci f ic .  However,  th  »  results  prose  ted  In 
Table  10  were  obtained  with  0  -  005%  Evans’  blue  addc  !  to  t  l.c_  ilJ^ent. 
Background  staining  and  autofluorescence  wer  decreased  rt'^allng  a 
minor  degree  of  staining  of  the  Kato  strain  with  the  Karp  conjugate 
that  was  not  evident  previous!}.  It  is  apparent  Iron  ties*  data  that 
the  antigenic  composition  of  strains  from  .sibling  !  irvau  from  rhe 
same  progenitor  was  different  Changes  in  th>.  pat*  cm  <  t  reactivity 
of  the  larval  strains  wi^h  the  anti- protot v p  eonjuga  e*  were 
unrelated  to  changes  in  mouse  virulence. 

Table  3.1  summarizes  the  results  of  trie  immun*  fluorescent  tests 
of  mite  colony  strains  through  the  frfth  gcnei at i on  pertormed  at 
USAMRU,  Malaysia ,wi th  the  same  anti  -  p;  or u”  yp*-  j  u  ics-  *m  conjugates 
used  at  WVAIK.  Information  about  he  r.ou.%  .  *'ii  uer  e  oi  these  strains 
was  not  available.  The  complement  fixatim  *i.;  '  wen  per:  nmed  at 
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Negative  at  Initial  1:10  dilution 
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*  Reaction  with  anti-Cllllaa  conjugate  was  absent 

**  CF  tests  witn  Clll lam  and  Karp  antigens  were  negative 
except  with  sera  from  guinea  r'5gs  inserted  with  Mf- 18 


WRAIR  with  serum  from  guinea  pigs  inoculated  in  Malaysia.  For  brevity, 
only  the  results  of  the  complement  fixation  tests  with  the  Kato  antigen 
are  included.  All  tests  with  the  Gilliam  antigen  were  negative  and 
Karp  antibodies  were  found  only  in  serum  from  animals  inoculated 
with  the  parent  strain  MF-1854.  The  Karp  titers  were  essentially 
the  same  as  found  in  sera  from  animals  inoculated  at  WRAIR. 

One  or  more  of  the  guinea  pigs  infected  with  the  F-l  through 
F-5  larval  strains  developed  Kato  complement-fixing  antibody. 

Greater  variation  in  the  response  of  animals  receiving  the  same 
inoculum,  and  generally  lower  titers  were  induced  with  mouse  spleen 
suspensions  of  the  F-3  through  F-5  strains  than  with  earlier  generation 
strains.  Explanation  of  this  observation  in  the  absence  of  results 
of  tests  with  other  prototype  complement-fixing  antigens  and  anti¬ 
prototype  conjugates  would  be  purely  speculative. 

Similar  variations  in  the  pattern  of  reactivity  of  strains  from 
sibling  larvae  with  the  anti-Karp  and  anti-Kato  conjugates  were  found 
in  Malaysia.  The  negative  reactivity  with  both  conjugates,  whenever 
present,  was  due  to  absence  of  rickettsiae  in  the  peritoneal  smears. 
Attempts  are  being  made  to  develop  methods  for  producing  peritoneal 
smears  from  mice  that  uniformly  contain  heavy  concentrations  of 
rlckettslae.  Until  this  is  accomplished,  it  will  not  be  posslb^ 
to  compare  the  results  obtained  by  the  two  laboratories.  Indeed, 
difference  in  concentrations  of  organisms  in  the  smears  may  explain 
the  apparent  discrepancies  between  the  results  obtained  in  the 
respective  laboratories  with  the  parent  strain  and  the  F-l  strain 
MF-2332 . 

The  changes  in  antigenic  composition  of  the  mite  strains  may 
be  attributed  to  alteration  of  the  relative  concentrations  of 
Integral  antigens  in  a  single  strain,  or  to  variations  in  the  relative 
population  of  two  or  more  strains,  if  the  mite  colony  is  Infected 
with  a  mixture  of  agents.  Previously,  it  was  observed  that  when  a 
wild  strain  of  R.  tsutsugamushl  was  suspected  of  containing  two  or 
more  types,  two  additional  serial  passages  in  mice  provided  an  opportunity 
for  changes  in  the  relative  populations  of  the  strains  to  occur. 

This  event  could  be  detected  when  the  serologic  response  of  guinea 
pigs  inoculated  with  higher  passage  material  exhibited  different 
relationships  with  the  prototypes  than  was  found  previously.  Guinea 
pigs  Inoculated  with  spleen  suspensions  from  third  passage  mice  Infected 
with  MF-1854  developed  only  Karp  antibodies.  After  two  additional 
passages,  Immune  guinea  pig  sera  fixed  complement  with  the  Kato 
antigen  as  well  (Table  12).  Comparison  of  the  fifth  and  seventh 
passage  levels  of  three  F-2  generation  strains,  MF-2749,  MF-2768 
and  MF-2677  showed  the  responses  of  infected  guinea  pigs  to  be  the 
same.  These  data  suggest  that  the  parent  strain  was  a  mixture  of 
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TSUTSUGAMUSHI  IN 

A  NATURALLY 

INFECTED  COLONY  OF  LEPTOTKOHBIDIUM  (L.) 

AKAMUSH J 

Strain 

Inoculum 

Passage 

Guinea  Pig 

Comp lament -Fixing  Antibody  Titers  of 

Immune  Guinea  Pig  Sera  With  Prototype  Antigens 

Designation 

Level* ** 

Number 

Karp 

Kato 

Gilliam 

665 

640 

— - 

M-3 

684 

640 

-- 

—  - 

MF-1854 

686 

640 

— 

— 

822 

320 

40 

... 

M-5 

823 

320 

40 

— 

82  4 

320 

20 

— 

835 

>1280 

80 

756 

— 

320 

— - 

M-5 

771 

— 

1280 

— - 

MF-2749 

774 

— 

640 

— 

855 

— 

80 

— 

M-7 

856 

— 

3  0 

— 

862 

— 

80 

— 

779 

-- 

640 

— 

M-5 

783 

— 

1280 

— - 

785 

— 

320 

— 

MF-2768 

M-7 

4  r2 

— 

320 

— - 

868 

160 

~  ~ 

782 

— 

160 

M-5 

789 

— 

160 

—  - 

KF-2677 

799 

— 

160 

— 

857 

— 

640 

— 

M-7 

866 

— 

160 

869 

— 

640 

— 

Karp 

640 

— 

Prototype 

Kato 

— 

640 

— 

Gilliam 

— 

— 

1280 

*  Number  of  serial  passages  *n  alee 

**  Negative  at  Initial  1:10  dilution 


two  or  more  antigenic  types  and  the  F-2  generation  strains  were 
single  types.  When  a  method  for  plaque  assay  of  R.  tsutsugamushi 
is  developed,  it  will  be  used  to  confirm  these  preliminary  findings 
and  evaluate  the  purity  of  larval  strains  in  succeeding  generations. 

2.  Evaluation  of  Existing  and  Potential  Military  Importance  of  R.  Canada 

a.  Investigation  of  the  Etiology  of  Tick-Borne  Rickettsial 
Disease  in  the  Fort  Bragg-Favet teville  Region  of  North  Carolina. 

The  coordinated  clinical  and  field  study  initiated  in 
1969  in  collaboration  with  Womack  Army  Hospital  and  the  Preventive 
Medicine  Activity,  Fort  Bragg,  was  continued  during  the  current 
year.  Three  of  four  patients  suspected  of  having  experienced  a 
severe  febrile  illnes  caused  by  R.  Canada  contracted  their  disease 
at  Fort  Bragg  (21).  The  aim  of  the  project  was:  (a)  to  establish 
a  causal  relation  between  R.  Canada,  or  other  unknown  agents,  with 
human  disease;  (b)  to  characterize  the  clinical  featu-res  and  patho¬ 
physiologic  changes  of  the  illness;  and  (c)  to  identifv  the  tick 
vectors  and  vertebrate  hosts  involved  in  the  infection  cycle  in 
nature . 

Although  patients  with  Rocky  Mountain  spotted  lever  or  with  R. 

Canada  infection  were  treated  at  Womack  Army  Hospital  in  previous 
years,  no  illness  was  seen  during  1970  that  was  suspected  of  being 
rickettsial  etiology.  Surveillence  for  possible  rickettsial  infections 
will  be  continued  this  year  and  a  concerted  effort  made  to  Isolate 
the  etlologlc  agents  causing  disease. 

The  emphasis  of  the  field  studies  previously  had  concentrated 
on  the  live-trapping  of  small-  and  medium-sized  mammals  in  the  areas 
where  patients  with  R.  Canada  infection  most  likely  acquired  the 
Infected  tick.  Because  cases  were  not  recognized  during  1969,  the 
program  was  changed  to  Include  random  trapping  throughout  the  area 
of  the  post  with  special  attention  to  places  where  the  risk  of 
tick  exposure  for  military  personnel  and  their  dependents,  ah  work 
or  at  play,  was  greatest.  Blood  was  obtained  for  serum  from  all 
animals  trapped  and  all  ectoparasites  removed  for  Identification. 
Complement  fixation  tests  with  spotted  fever  and  typhus  group,  R. 

Canada  and  Q  fever  antigens  were  performed  on  157  specimens  submitted 
during  the  current  reporting  period  (see  Table  13).  The  collection 
consisted  of  102  sera  from  9  different  animal  species  and  55  from 
animals  whose  identity  had  not  yet  been  established.  Ten  of  the 
specimens  were  anticomplementary  and  unsuitable  for  evaluation. 

Serologic  evidence  of  prior  spotted  fever  infection  was  found  in 
approximately  IX  of  the  sera;  i_.  e.  ,  in  5  of  66  cotton  rats,  in  3 
of  5  rabbits,  in  1  of  4  foxes  and  In  1  unidentified  animal.  No 
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FORT  BRAGG  ZOONOSES  SURVEY 
FALL  1970  -  SPRING  1971 


Number  Specimens 


Animals 

Number 

Tested 

AC++ 

SF  Group 
Positive 

CF*+  Anttoody  Titers 

Cotton  Rat 

70 

4 

5 

4,  4,  8,  8,  >16 

Field  Mouse 

6 

0 

0 

Opossum 

6 

0 

0 

Raccoon 

6 

0 

0 

Rabbit 

5 

0 

3 

16,  >16,  >32 

Fox 

4 

0 

1 

8 

Norway  Rat 

2 

0 

0 

Squirrel 

2 

0 

0 

White-Footed  Mouse 

1 

1 

0 

Undesignated 

55 

5 

1 

8 

TOTALS 

157 

10 

10 

+  Anticomplementary 
+-*  Torap l ement -fixing 


evidence  of  murine  typhus,  R.  Canada  or  Q  fever  infection  was  found. 
Most  of  the  seropositive  animals  were  trapped  in  areas  used  by 
military  personnel  and  their  dependents  for  out-of-doors  leisure 
activity.  The  Preventive  Medicine  Officer  has  been  appraised  of 
the  risk  of  exposure  to  Rocky  Mountain  spotted  fever  during  the 
summer  season  when  man-biting  vector  ticks  are  active  and  abundant. 

b.  Investigation  of  the  Etiology  of  Typhus  and  Spotted  Fever 
Group  Infections  Occurring  in  South  Vietnam. 

To  date,  a  total  of  six  patients  are  suspected  of  having 
been  infected  with  R.  Canada  on  the  basis  of  the  results  of  complement 
fixation  tests  with  soluble  group-reactive  and  species-specific 
antigens  prepared  from  members  of  the  Typhus  and  Spotted  Fever  Groups 
of  rlckettsiae.  One  patient  was  a  soldier  who  became  ill  in  Michigan 
1  week  after  returning  from  South  Vietnam.  Until  tests  with  species- 
specific  complement-fixing  antigens  had  been  carried  out,  he  was 
presumed  to  have  been  infected  with  R.  mooser i .  In  addition  to  high 
levels  of  R.  Canada  antibody,  tour  oi  the  patients  also  developed 
spotted  fever  group  antibodies.  The  cross-reactivity  of  sera  from 
patients  infected  with  Typhus  and  Spotted  Fever  Group  rlckettsiae 
found  in  tests  with  antigens  representative  of  the  agents  in  both 
groups  were  reported  last  year  (22).  Briefly,  the  study  showed  that 
after  infection  with  either  R.  rlckettsl  or  R.  mooserl ,  the  patient 
does  not  develop  antibodies  that  will  fix  complement  with  the 
heterologous  group-reactive  antigen  unless  he  has  been  immunized 
previously  with  a  vaccine  prepared  with  a  member  of  the  other  group 
of  rlckettsiae. 

Review  of  the  Infectious  Disease  Confirmation  Reports  from  the 
9th  Medical  Laboratory  (Med  Lab)  over  the  past  several  years  has  shown 
rickettsial  disease  to  be  an  important  cause  of  febrile  illness  among 
the  military  in  South  Vietnam.  During  1969,  of  1,266  cases  studied 
by  the  9th  Med  Lab,  228  (18%)  were  diagnosed  as  scrub  typhus,  .195 
(152)  as  murine  typhus  and  16  (1.32)  as  tick  typhus  (23).  Thus,  more 
than  332  of  all  the  illnesses  investigated  were  due  to  rickettsial 
Infection.  Serologic  diagnosis  was  established  by  indirect  immuno¬ 
fluorescence  using  reagents  supplied  by  the  Department  of  Rickettsial 
Diseases  (DRD) .  Smears  of  R.  mooserl  or  R.  prowazeki  were  provided 
for  recognition  of  Typhus  Group  infections,  R.  akarl  for  detection  of 
Spotted  Fever  Group  infections,  and  a  pool  of  the  Karp,  Gilliam  and 
Kato  strains  of  R.  tsut sugamushl  for  the  diagnosis  of  scrub  typhus. 

In  order  to  assess  the  performance  of  the  indirect  fluorescent 
antibody  test  under  field  conditions,  and  to  attempt  to  identify  the 
etiology  of  the  Typhus  and  Spotted  Fever  Group  infections  in  South 
Vietnam,  serum  specimens  from  patients  with  rickettsial  diseases  were 
requested  from  the  9th  Med  Lab.  They  kindly  provided  two  or  more 


specimens  from  117  cases  oi  murine  Ltphus,  97  cases  si  rub  tvphus 
and  9  cases  of  tick  typhus.  The  resuirs  ct  in*-  tents  performed  at 
WRA1R  and  the  9th  Med  Lab  ,  using  the  same  r  j\  Le»  Is  i  *  1  strains  as 
antigens  are  compared  in  Table  14.  Qt  dP  c;.  pirns  cases  diagnosed 

by  the  9th  Med  Lab,  95 1  were  confirmed  with  f  tu  i  i  ^  *'  WkAIR. 

Specimens  from  3  of  the  cases  were  diagnosed  as  s-,rul  t'-plws  at  UTRA1R 

and  did  not  contain  typhus  group  antibody.  It  wi  not  possible  to 
establish  a  rickettsial  etiology  in  one  case  l-u  -m.,»  r  he  specimens 
did  not  react  with  any  of  the  antigens.  O’  ly  r-1  '  t  ’  T  scrub  typhus 
diagnoses  were  confirmed  at  WRA  R.  This  1  >w  rate  r»  c:  ^nf  1  rm;  t  ion 
probably  was  due  to  the  relatively  small  number  t  1  cases  celled, 
since  in  previous  years  it  was  possible  t  •  co:  lire  i  linos.'  1  \  t  f 

their  scrub  tvphus  diagnoses.  The  insults  of  tests  <  a  -.peel  mens 
from  nine  cases  diagnosed  as  tick  typhus  wer  less  ;  irpross  i  \  e  . 

Specimens  from  three  of  the  rases  were  negative  in  tests.  Two  of 

three  other  cases  that  were  diagnosed  as  rarme  p’phu  ■  r  wRAiR  did 

have  spotted  lever  antibodies,  but  at  significantly  lewci  titers 
than  the  typhus  group  antibody.  Sera  from  the  other  vase  reacted 
only  with  the  murine  typhus  antigen.  In  to  t  ‘  the  w.r*e  remaining 
cases  in  which  Spotted  Fever  Group  inter  Lion  was  <  1,  rhe  only 

reactivity  found  was  a  persistent  titer  f  1:40  in  ill  ot  the  specimens. 
This  finding  is  indicative  of  a  past  rather  than  a  ir.enc  infection. 

The  last  patient’s  sera  reacted  only  wi^h  the  r i .  kei : si alpox  antigen 
and  this  is  probabJy  a  bona  fide  case  of  tick  tvflius. 

These  data  indicated  that  difficulties  were  being  experienced 
with  the  rickettsialpox  antigen  in  South  Vieth.u  .  Although  tests 
with  complement-fixing  antigens  do  not  show  heterologous  cross- 
reactivity  in  sera  from  patients  with  Typhus  and  Spotted  Fever  Group 
infections  unuer  ordinary  c  i  ri  urns  tances ,  tut*  more  sensitive  indirect 
imraunof  1  uore.sv.en t  test  frequtnlly  detects  ..ntigenle  relationships 
between  members  of  these  two  groups  of  rick'Hts  .u.  Inspection 
of  the  results  obtained  by  the  9th  Med  Lab  sle  wed  that  58  u*  the 
specimens  from  cases  diagnosed  as  murine  tvphus  exhibited  reactivity 
with  the  rickettsialpox  antigen.  However,  the  spotted  lever  group 
antibodies  were  slgniii  an*lv  lower  m  tiler  i  i a m  :*»e  typhut,  group 
antibody.  The  extent  of  the  prob  eir  with  t  he  ■.  i.iJpex  antigen 

became  evident  when  the  results  ot  testr  peih  rn»'»i  \>\  rhe  twe 
laboratories  with  *  onva )  escent  sera  f  run  patient**  with  ivphus  Group 
infections  and  the  rickettsialpox  spot  tel  :evei  groin  antigen  were 
compared  (Table  IS;.  Tests  WftAJR  tonfirrced  i  :u  pre^cue  of  spotted 
fever  antibt.oy  {n  51  C 78%)  of  ihe  fr>  specimens  unci  positive  bv 
the  9th  Moil  lab.  Mewever,  10  (8J? ;  it  the  .  J.  s,  •.••‘iniMS  reported 
negative  f  ;•  the  9th  Med  Lab  vert*  found  t  >  t .  a  v  *  o  f  •  d  fever  antibody 

in  rests  a:  WRaIK.  Analysis  o!  the  data  sh  u'1  tn..‘  the  #,th  Mod  Lab's 
findings  wort  '*Mii  i  \  ::ie<i  at  WKAIR  ir  oiij;  h?7  »o.  *  ;ie  uses  .  At  WRAIR, 


+  All  specimens  from  2  cases  titered 
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COMPARISON  OF  RESULTS  OF  INDIRECT  IMMUNOFLUORESCENT  TEST  WITH 
SERA  FROM  PATIENTS  WITH-  TYPHUS  GROUP  INFECTIONS 
WITH  SPOTTED  FEVER  GROUP  ANTIGEN 


Test  Results  DRD,  WRAIR 

Test  Results  SF  Group*  I  SF  Group 

9th  Med  Lab  Positive  Negative  Total 


SF  Group 

51 

Positive 

14 

65 

f 

SF  Group 

—  1 

|  Negative 

10 

2 

12 

TOTAL 

61 

16 

77  1 

+  Rickettsialpox 


431 


80%  of  patients  with  Typhus  Group  infection  developed  antibodies 
that  reacted  with  the  rickettsialpox  antigen. 

When  it  was  decided  several  years  ago  to  provide  the  9th  Med 
Lab  with  antigen  smears  for  the  diagnosis  of  all  rickettsial  diseases 
by  indirect  inununofluo rescene,  R.  akari  (the  agent  of  rickettsialpox) 
was  the  only  Spotted  Feve  Group  organism  that  grew  in  the  yolk  sac 
of  embryonated  eggs  in  sufficient  numbers  for  the  preparation  of 
antigen  smears.  It  was  known  then  that  the  rickettsialpox  antigen 
tended  to  deteriorate  more  rapidly  than  the  others  under  ambient 
conditions  of  high  temperature  and  humidity.  Nonspecific  reactivity 
of  low  dilutions  of  certain  human  sera  with  particulate  yolk  sac 
components  had  been  observed  with  this  antigen  at  WRAIR.  Similar 
findings  may  have  been  interpreted  erroneously  at  the  9th  Med  Lab 
as  being  positive.  Improved  methods  for  cultivation  of  all  species 
of  Spotted  Fever  Group  rickettsiae  were  developed  last  year,  and  in 
the  future,  smears  of  R.  rickettsi  which  exhibit  none  of  the  unsatis¬ 
factory  features  of  R.  akari  will  be  provided. 

Details  of  the  cross-reactivity  observed  in  tests  at  WRAIR  on 
convalescent  sera  from  77  patients  who  had  Typhus  Group  infections 
in  South  Vietnam  are  presented  in  Table  16.  Specimens  were  tested 
with  R.  mooseri ,  R.  akari  and  R.  Canada  antigens.  R.  Canada  is  the 
most  recently  recognized  member  of  the  Typhus  Group,  and  there  is 
little  known  about  its  antigenic  relationship  with  other  Typhus  Group 
species  or  members  of  the  Spotted  Fever  Group.  In  33  (43%)  of  the 
specimens,  the  murine  typhus  titers  were  4-  to  16-fold  or  greater 
than  R.  Canada.  The  titers  were  equal  in  41  (53%),  and  in  3  cases, 
4-fold  higher  R.  Canada  titers  were  found.  The  last-mentioned  patients 
may  have  been  infected  with  R.  Canada.  It  was  not  possible  to  establish 
the  etiology  as  either  a  Typhus  Group  or  Spotted  Fever  Group  infection 
in  only  one  patient.  His  serum  titer  was  the  same  in  tests  with  all 
three  antigens. 

The  reactivity  of  convalescent  sera  from  27  Typhus  Group  patients 
with  antigen  smears  of  rickettsialpox  and  the  Bitterroot  strain  of 
R.  rickettsi  are  compared  in  Table  17.  Antibody  titers  with  Bitterroot 
antigen  were  4-fold  or  greater  than  with  rickettsialpox  antigen  in 
5  (18%)  of  the  specimens;  the  titers  were  the  same  with  both  antigens 
in  8  (30%),  and  significantly  lower  titers  were  obtained  with  the 
Bitterroot  antigen  in  11  (41%)  of  the  patients.  It  is  expected  that 
the  9th  Med  Lab  will  find  the  Bitterroot  antigen  more  suitable  for 
the  diagnosis  of  tick  typhus  than  the  rickettsialpox  antigen. 

Complement  fixation  tests  with  group-reactive  and  species- 
specific  antigens  are  in  progress.  The  results  will  be  the  subject 
of  future  reports. 


TABLE  16 

CROSS-REACTIVITY  OF  CONVALESCENT  SERA  FROM  PATIENTS 
WITH  TYPHUS  GROUP  INFECTIONS  WITH  TYPHUS  GROUP 
AND  SPOTTED  FEVER  GROUP  ANTIGENS 


I 


Relative 

R.  Canada  and 
Spotted  Fever 
Group  Titers 

Relativ 

RC  >  MT 
(4x) 

e  Typhus  Gr 

MT  -  RC 

oup  Antibod 

MT  >  RC 
(4x) 

y  Titers 

MT  >  RC 
(>16x) 

RC  >  SF 

Gtl6x) 

1 

22 

6 

3 

RC  >  SF 

(4x) 

10 

7 

6  j 

RC  -  SF 

1 

1 

1 

3 

SF  Negative 

1 

8 

3 

4 

TOTAL 

3 

41 

17 

16 

RC  ■  R.  Canada 
MT  *  Murine  Typhus 
SF  *  Rickettsialpox 
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TABLE  17 


COMPARISON  OP  REACTIVITY  OF  CONVALESCENT  SERA  FROM  PATIENTS 
WITH  TYPHUS  GROUP  INFECTIONS  WITH  DIFFERENT 
SPOTTED  FEVER  GROUP  ANTIGENS 


Relative 

R.  Canada  and 

Rickettsialpox 

Titers 

Relativi 

BT  >  RP 
(16x) 

e  Spotted 

BT  >RP 
(4x) 

Fever  Group 

BT  -  RP 

>  Antibody 

RP  >  BT 
(4x) 

Titers 

BT 

Negative 

Total 

RC  >  RP 
(il6x) 

2 

1 

4 

3 

2 

12 

RC  >  RP 
(4x) 

1 

4 

2 

3 

10 

RC  -  RP 

1 

1 

RP  Negative 

1 

3 

4 

TOTAL 

2 

3 

_ _ : _ 

8 

6 

8 

27 

BT  ■  Bitterroot  strain  of  R.  rickettsi 
RP  ■  Rickettsialpox 
RC  ■  R.  Canada 
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3.  Canine  Q  Fever  in  Thailand 


Results  of  a  seroepideraiolugic  survey  o’  r 1  k  tsiul  diseases  in 
Thailand  carried  out  during  1963-1964  showed  th...  Cj/xitJJa  Lumet  1 
was  widely  distributed  throughout  the  small  wi  id  aiiiiul  populations 
in  all  of  the  major  continental  physiogeograph  i  provings.  The 
incidence  of  enzootic  infection  was  very  lew  .And  inie.-tion  of  man  was 
rare  (24).  Subsequent  studies  of  cactle,  pigs  <ind  war  r  buffalo 
by  the  Thai  Component,  SEATO  Medical  Research  Lab*  rat.jj  ,  harigk'k, 
found  little  evidence  of  infect'on  of  domestic  animals.  u\  contrast, 
when  complement  fixation  tests  were  carried  out  with  ..t*n  cc  fleeted 
from  783  dogs  in  the  municipal  pound  in  Bangkok,  0  fever  anti  *odies 
ranging  in  titer  from  1:10  to  1:160  were  found  in  3Sn  (49.3 of  the 
specimens.  All  attempts  to  recover  C.  burnet  i  from  tick:,  infesting 
the  dogs  were  negative  (25). 

A  serologic  epidemiologic  study  of  viral  respirator.'  diseases 
in  Holland  showed  that  serum  from  302  of  children  convalescent  from 
severe  infections  with  adenovirus  types  1  and  l \  t  I  xf  d  ».oi;:p lenient 
in  the  presence  of  Q  fever  antigen.  These  findings  weie  ascribed  to 
a  nonspecific  reaction  for  the  following  reasons:  (a)  0  fever  was 
rarely  recognized  in  Holland  and  C.  burned  was  not  enzootic  in 
Dutch  dairy  herds;  (b)  the  children  had  no  known  possible  source  of 
exposure  to  the  disease;  and  (c)  in  complement  fixation  tests.  4-  to 
8-fold  more  antigen  was  required  for  optimal  reactivity  and  heating 
the  positive  serum  to  60  C  destroyed  the  antibody  activity  (26). 

The  Department  of  Rickettsial  Diseases  was  interested  in  confirming 
the  results  reported  by  the  SEATO  Medical  Laboratory  and  determining 
if  the  presence  of  Q  fever  antibody  in  dogs  wm:  related  to  infection 
with  human  or  canine  adenovirus.  Upon  request,  tin*  Thai  Component 
kindly  provided  15  canine  sera  that  titered  1:37  or  greater  and  15 
negative  sera.  The  LBCF  50X  end  point  method  of  complement  fixation 
adapted  to  the  microtiter  system  was  used  for  ail  tests.  Known 
positive  and  negative  sera,  as  well  as  normal  tissuv  antigens  corresponding 
to  each  of  the  diagnostic  antigens,  were  included  ir  each  test. 

Dog  sera  were  heat-inactivated  at  53.5  C  for  4b  min. 

The  results  of  complement  fixation  tests  performed  af  L'RAIR  with 
the  same  commercial  antigen  provided  the  Thai  Component  are  compared 
with  their  findings  in  Table  18.  It  was  not  possible  to  confirm  the 
presence  of  Q  fever  antibody  in  the  sera  found  positive  \x  the  Thai 
Component  because  13  of  the  specimens  react ed  ik  n»*pecit  ital  jy  with  the 
normal  yol*  sac  control  antigen,  as  well  as  the  t;  'e'er  .nit  gen,  and 
the  other  two  were  anticomplementary  (AC).  Tatars  '!  the  nonspecific 
reactivity  ranged  from  1:10  to  1:80  or  gr  ater  v*  re  classified 

as  unsatisfactory  because  of  nonspecific  react ’vL.n  -hot  the  titer  with 


COMPARISON  OF  RESULTS  OF  Q  FEVER  COMPL 
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the  normal  control  antigen  was  2-tuid  ur  greater  t  i.  .*  tin:  aC  a  tivity. 
When  both  titers  were  equal,  or  higher  le  els  ci  A’  .»«  \i\it  wt  re 
found,  the  sera  were  considerel  AC.  Attitimt  ;  '  j  r«*:-i've  ik.  nonspecific 
reactivity  and  AC  effect  by  treatment  wirn  r  ri.n-  .*■  •.  T  i  it.  1  periodate 
(27)  and  with  dry-ice  (23)  were  unstici.es  iul. 

Canine  sera  is  notorioi  s  for  the  east  with  w:  ,  h  t  bet  o;nes 
AC  when  subjected  to  heat  treatment  for  inactivation  m:  •  omp  leinent  . 
Consequently,  the  usefulness  of  a  procedure  tor  dec*,  nip !  em  ntution 
with  sensitized  sheep  red  blood  cell  stromata  devvji-ped  uv  the 
Department  of  Serology,  WRAIR,  is  being  evaluated. 

Microagglutination  tests  with  highly  purifier.  Hcnzerl i"  ■  i'hase  1 
and  Nine  Mile  Phase  1  antigens  were  negative,  as  were  indirect  immuno- 
fluorescent  tests.  It  should  be  noted  tnal  a  canine  scrum  known 
to  contain  Q  fever  antibody  was  not  available  fo;  use  us  a  control 
in  these  tests. 

The  possible  relationship  between  (y  fever  ant  ib  >dy  und  adenovirus 
infection  was  evaluated  by  examining  the  Bangkok  canine  sera  lor 
adenovirus  antibodies,  and  by  testing  sera  from  dogs  exper mental  iy 
infected  with  adenovirus  for  Q  fever  antibody.  Human  adenovirus 
complement-fixing  antigen  and  the  control  antigen  were  ibtained  from 
a  commercial  source.  Dr.  L.  N.  3inn,  Department  A  Voierin. .ry 
Microbiology,  Division  of  Veterinary  Medicine,  kindly  supplied  the 
iollowing  materials:  (a)  compleraent-f ixing  antigens  prepared  in  dog 
kidney  cells  with  the  Utrecht  strain  of  infectious  aninv  hepatitis  and 
the  C955L  strain  of  Toronto  canine  adenovirus,  as  well  as  normal 
control  antigens;  (b)  10  serum  specimens  from  two  dogs  collected  before 
and  at  regular  intervals  until  the  91'  ,  day  aft.er  inf*  iiun  ;:th  the 
Toronto  strain;  and  (r)  15  sera  collected  from  feui  dogs  before  infectioi 
or  vaccination  with  infectious  canine  hepatitis,  and  t  egu’ar 
intervals  thereafter  up  until  the  91st  day. 

The  results  of  the  adenovirus  complement  filiation  tests  of  the 
Bangkok  canine  sera  are  presented  in  Table  19.  None  of  th<*  sera  fixed 
complement  in  the  presence  of  the  human  adenovirus  antigen.  Sera 
considered  positive  for  canine  adenovirus  reacted  with  either  the 
Toronto  or  Infectious  canine  hepatitis  antigen,  or  both.  Tite-.s 
ranged  from  1:10  to  1:80  or  greater.  There  was  ne  obvious  relationship 
between  the  presence  or  absence  cf  adenevites  antibody  and  the  results 
of  the  Thai  Component  Q  fever  complement  i  ixal  lor.  tests.  Adenovirus 
antibody  was  found  in  6  sera,  3  In  the  Q  Sevei  positive  up ,  and  3 
in  the  Q  fever  negative  group. 

None  or  the  six  dogs  exper imeata]  1  v  infected  or  imranizud  with 
canine  adenovirus  developed  Q  fever  antibodies  (Table  J J). 
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PREVALENCE  OF  CANINE  ADENOVIRUS  COMPLEMENT-FIXING 
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TABLE  20 

PREVALENCE  OF  Q  FEVER  COMPLEMENT-FIXING  ANTIBODIES 
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Microagglutinat ion  tests  with  the  Henzerling  and  Nine  Mile  strains 
were  also  negative.  The  adenovirus  negative  sera  were  the  pre¬ 
inoculation  specimens  from  the  animals.  Reactivity  with  the  human 
adenovirus  antigcr.  was  found  only  in  one  dog.  The  pre-inoculation 
specimen  and  the  serum  collected  21  days  after  infection  with  infectious 
canine  hepatitis  titered  1:80  or  greater.  Subsequent  specimens 
collected  on  the  42nd*  56th  and  91st  days,  which  contained  high  levels 
of  antibody  detected  by  both  the  Utrecht  and  Toronto  antigens, 
were  negative  in  tests  with  the  human  adenovirus  antigen. 

Summary  and  Conclusions. 

1.  Scrub  Typhus  Vaccine  Development 

a.  Antigenic  Analysis  of  Prototype  Strains 

(1)  Scrub  Typhus  Complement-Fixing  Antigens  from  Infected 
Yolk  Sacs.  Definition  of  the  geographic  distribution  of  established 
prototype  and  candidate  prototype  strains  of  Rickettsia  t9utaugamushl 
and  the  recognition  of  different  antigenic  types  is  dependent  upon 
the  production  of  strain-specific  complement-fixing  antigens.  Karp, 
Gilliam  and  Kato  antigens  can  be  prepared  regularly.  Continued 
passage  of  the  5  candidate  prototype  strains,  TA678,  TA686,  TA716, 

TA763  and  TH1817,  in  embryonated  eggs  has  not  yet  resulted  in  the 
emergence  of  variants  more  suitable  for  growth  in  the  yolk  sac. 

Numerous  attempts  to  produce  antigens  in  order  to  complete  their 
antigenic  analysis  have  failed  because  of  insufficient  concentrations 
of  rlckettsiae  in  infected  yolk  sacs. 

(2)  Scrub  Typhus  Complement-Fixing  Antigens  from  Cell 
Cultures.  Large  scale  tissue  culture  production  methods  employing 
roller  bottles  were  used  for  the  growth  of  scrub  typhus  rlckettsiae. 
Antigens  prepared  from  Vero-infected  cells  generally  were  anti- 
complementary  (AC)  and  unsatisfactory.  However,  antigens  prepared 
from  BS-C-1  and  14pf  cells  were  less  AC  and  most  of  this  undesirable 
activity  due  to  host  cellular  components  could  be  removed  by  differential 
centrifugation  through  20Z  w/w  sucrose  solution.  Differences  were 
observed  in  the  reactivity  of  antigens  produced  by  infection  of 
different  cell  lines  with  the  same  seed  suspensions  in  tests  with 
heterologous  immune  sera.  These  findings  may  have  been  due  to 
variations  in  concent  ations  of  major  and  minor  component  antigens 

of  a  single  strain,  or  to  the  presence  of  two  or  more  antlgenically 
different  agents  in  the  inoculum. 

( 3 )  Antigenic  Interrelationships  Among  Prototype  Scrub 
Typhus  Strains.  The  antigenic  interrelationship  among  the  3  prototype 
strains,  Karp,  Gilliam  and  Kato  and  the  5  candidate  prototype  strains, 
TA678,  TA686,  TA716,  TA763  and  TH1817  was  characterized  by  indirect 
iiiirauno f  1  uorest  en t  tests  with  immune  rabbit  sera.  The  pattern  of 
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stfm  foi  R.  tsnt  sij£aruish  i 

Attempts  lii'a  loan  mm  i  to  develop  i  method  I.  i  »  lolling 
j.  ar'Ji  it'  iot  sir  ins  t  o  in  ur--  loritv.  /  .•nrert»*il 

r  •  reprotliu  e  cy.nl  1  v  the  plaque  system  1 1 '  r  r  i  <‘k  c- 1  t  s  i  ac  using 
chick  embryo  iibroblasts  reported  by  other  workers  has  been  only 
partially  successful.  Difficulties  attributed  to  inadequate  wetabilitv 
v'l  the  growth  surtace  of  plastic  culture  vessels  were  identified  and 
corrected.  Moderate  success  was  achieved  with  R.  rjj-ketts^  which 
produced  plaques  5  to  6  days  after  inoculation  and  to  a  lesser  extent 
with  R.  mooSci  i  where  plaques  were  formed  after  10  to  11  days. 

Comparison  ot  the  titers  of  seed  suspensions  of  these  organisms  showed 
the  tissue  culture  plaque  system  to  be  greater  than  10-fold  more  sensitive 
than  embryonated  hens*  eggs  for  assaying  infectivity.  A  problem  that 
yet  has  to  be  resolved  is  concerned  with  maintaining  the  cell  monolayers 
lor  the  lb  to  18  days  required  far  production  of  plaques  of  R. 
tsutsugamush i . 


i.  Characterization  ot  the  Immune  Response  ot  Mire  after  Infection 
and  Challenge  with  Scrub  Typhus 


The  immune  response  of  mice  treated  with  chloramphenicol 
alter  inoculation  with  10^  LD^q  of  the  Kirp  strain  and  subsequently 
challenged  with  10^*^  LD^q  of  the  kato  strain  was  characterized. 

Antibody  level;  in  pools  of  serum  collected  from  the  animals  and  in 
su  rose  density  gradient  fractions  of  the  specimens  were  determined 
bv  indirect  i  rnmunof  1  uorescent  (IF)  and  complement  fixation  (CF)  tests 
with  Karp,  Katt  and  CM  Ham  anti  *ens .  The  anti -mouse  whole  serum 
fluorescein  conjugate  reacted  with  antibodies  belonging  to  both  the 
IgM  and  IgC  classes  of  i mmunogl obu  1  i ns .  The  CF  test  detected  only 
LgG  antibodies.  The  evidence  accumulated  thus  far  indit  ited  that  the 
antibody  response  after  primary  infection  and  after  challenge  were  both 
of  the  primary  type.  Thus,  the  postulate  that  after  initial  infection 
tin  animal  develops  homologous  immunity  under  the  protection  ot 
antibiotic  treatment,  and  becomes  primed  for  a  secondarv  booster 
response  to  antigens  shared  with  the  heterologous  str  tin  ift<  *  hallenge, 


could  not  be  substantiated.  Alternate  mechanisms  to  explain  the 
protection  afforded  mice  by  infection  against  subsequent  lethal 
challenge  will  be  investigated. 

d.  Development  of  a  Tissue  Culture  Scrub  Typhus  Neutralization 

Tes  t 


Antibodies  detected  by  indirect  immunofluorescence  and 
complement  fixation,  the  only  serologic  tests  currently  available 
for  study  of  scrub  typhus  immunity,  are  not  related  to  the  ability 
of  experimental  animals  to  resist  lethal  challenge.  The  only  method 
th3t  will  provide  valid  information  about  the  immune  status  of  man 
or  experimental  animals  is  to  determine  the  response  of  the  host 
to  infectious  challenge.  Consequently,  attempts  are  in  progress  to 
develop  a  means  of  measuring  neutralizing  antibody  that  will  be 
indicative  of  immunity  against  scrub  typhus  that  develops  after 
infections  or  immunization  with  experimental  vaccines.  Thus  far, 
it  has  been  possible  to  enumerate  R.  tsutsugamushl  by  counting, 
microscopically,  the  number  of  BS-C-1  cells  infected  with  rickettsiae 
after  staining  with  ant iricket tsia  fluorescein  conjugates.  Titers 
expressed  as  tissue  culture  cell  infectious  units  calculated  from  the 
mean  values  obtained  were  of  the  same  magnitude  as  50%  mouse  infectious 
doses  (IDjq).  However,  because  of  problems  encountered  in  differentiating 
rickettsiae  from  normal  intracellular  particles,  it  has  not  been 
possible  to  enumerate  the  rickettsiae  reliably  when  the  concentration 
of  organisms  in  the  inoculum  was  less  than  2,240  mouse  IDjq.  With 
the  substitution  of  14pf  cells  and  improvements  in  the  procedure  for 
immunof luorescent  staining,  it  is  hoped  to  increase  the  sensitivity  of 
the  system.  Parallel  studies  have  been  initiated  with  guinea  pig 
peritoneal  macrophages.  Titers  of  suspensions  of  scrub  typhus 
rickettsiae  calculated  from  mean  values  expressed  as  tissue  culture 
cell  infectious  units  were  slightly  lower  than  those  obtained  in  BS-C-1 
cells.  When  the  sensitivity  of  the  two  cell  systems  Is  defined  and 
enumeration  of  rickettsiae  can  be  accomplished  accurately,  attempts 
to  demonstrate  neutralization  with  rickettsial  antibody  per  se ,  and 
in  combination  with  the  species  anti-IgG  immunoglobulin,  will  be 
initiated.  Neutralization  in  both  systems  will  be  indicated  by  a 
significant  reduction  in  numbers  of  infected  cells. 

e.  Study  of  Genetic  Stability  of  R.  tsutsugamushl  in  Vector  Mites 

(1)  Preparation  and  Performance  of  Type-Specific  Antirickettsial 
Serum  Fluorescein  Conjugates.  Methods  for  rapid,  specific  identification 
of  antigenically  distinctive  strains  of  scrub  typhus  were  required  to 
determine  if  changes  in  antigenic  composition  of  R.  tsutsugamushl 
occurred  during  transmission  from  generation  to  generation  of  vector 
mites.  Attempts  are  in  progress  to  prepare  fluorescein-and  rhodamine- 
conjugated  antisera  for  each  of  the  3  prototype  and  5  candidate 
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piotoLype  strains  iei  t  h  i  :•>  pur p  .us  u  i  i  .  1.  :  i  i.i  ...  tne  de  tot:  ti  on 

oi  mixtures  of  stiains  .  Initial  »  fiott  to  um*  iij.  .  v  i  ia  containing 
.  in  t  i  bodies  p  r  i  nt  i  pa  1  1  ,  n  .  t  in  *  I  'K  c  .  *«.  i .  *  o.  i  ;  •  <  -  •  .  1  t  l  an  a  o  i 

1  t .  s  u  f  1  iciest  »  !  *  t  :  .  » •:  :  ho  f  •  i  .<  o  *  •  e,  •  t  n  l  !  i  ss 

ini,  only  the  Kail-1,  ]  1  i  am  md  JA6nb  1 1  .t\  .  :  a;,  .  .  .  .  u.l  iau*  the 

homologous  agent  t  rom  ;  he  other;.  lleiciw.e;  :  ’  the 

Kato,  TA716  and  TA7G3  »  on  jugate,  with  as  1  ■  tv.  .  .  a  man  y  as 

live  other  strains  precludes  thei  t  use  hn  ->pc*ifii  .at  ion. 

A  hil  11am  rhodair.ine  coujugatt  w  is  high]  .l  [>•  i  H  it*  «  li  .g 

reactivity  nnlv  with  itself  and  the  CH  1 !.  i .  t!s  li  •  «in  ivpe,  .'>i  ,  hi  i  arts 

ale  continuing  to  prep  a  e  specific  i  l  no  Caseeii  t  inti  Hu,  leag^nts 
lor  the  scrub  typhus  strains  rad  also  for  the  other  pc*  »u..  belonging 
to  the  Typhus  and  Spotted  Fever  Groups  >f  rick«  rtsia.  . 

(?)  Inf  l_uerrc_e__ibL  fra!lJ? ovarhu  1_  !  raiaeno .  s.e  i  .  .  !  h.  (  L.  ) 

al*  amushi  upon  the  Antigenic  Composition  o_i  Scrub  Typnu  Ricketts  i  ae . 

A  c  o  1  1  ahorat  i  ve  study  with  the  I.  S .  Army  '1  <!i«al  lU.-a  .rri  Unit  in 
Malaysia  was  initiated  to  dele  mine  if  t  no  antigen  c  composition  of 
a  strain  of  R.  tsutsugamushi  in  a  naturally-infected  colony  of 
Lepto trombid ium  (L. )  ajeamush i  remains  constant  through  developmental 
stages  and  ttunsovarial  transmission  in  this  species  ut  vector  mite. 

The  evidence  accumulated  thus  fir  suggests  that  the  parent  strain, 
recovered  from  a  mouse  used  to  feed  100  larvae  from  which  the  colony 
was  established,  contained  at  least  two  antigenic  types  which  are 
related  to  the  Karp  and  Kato  prototype  strains.  Analysis  of  strains 
from  the  first  through  the  fift!  generation  Larvae  by  implement 
fixation  tests  with  Karp,  Kato  and  Gilliam  antigens  showed  all  of 
thorn  t  o  be  related  to  the  Kato  strain.  hnmunof  3 uorejia  nt  staining 
of  the  larval  strains  with  anti* Karp,  -Kato  and  -Gilliam  fluorescein 
conjugates  showed  them  to  be  different  from  the  corresponding  prototype 
strain.  Futhcrmcre,  difference?  were  oLsiived  in  tin*  antigenic 
composition  of  s triins  from  sibling  larvae  fro.,  the  same  progenitor 
iii  all  5  generations.  It  is  nor  yet  known  If  the  changes  in  antigenic 
composition  wore  due  to  alteration  of  tlu  relative  concent  rations  of 
integral  antigens  in  a  single  strain,  or  t  variati  m.  respective 
populations  in  a  mixture  of  two  or  t.oie  •.  trains 

f .  Evaluation  of  .xi  siing  and  lote.ntial  Milieu’  Iir(  .  rtance  of  JR.  Canada 

a.  Investigation  of  the  Etiology  of  Yi  ek- born*  A ;  *  k  ttsial 
Disease  in  t he  Fort  Bragg-Fayet ! ev i 1 le  ktgii.i  >1  N'oi  -..i  iaiulina 

No  crises  witn  suspectid  rickettsial  d  1  se av  uh  admitted 
Lc  Womack  Army  Hospital,  Fort  Bragg,  North  Lai  1  :  na  ’a.*-:  /ear.  Serologic 
teats  on  sera  j  rom  small-  and  mod  i  um-s  i  r.cd  n;,u  ,d;.  t  .  v,il  .it  Fort 
Lir.igg  showed  that  some  oi  the  cotton  rats,  rah  its  i  j  i  .%es  had  been 
infected  with  R.  r  ickc  1 1  s  i  .  En?notic  foci  ot  h.  ca..y*.a  in!  act  ion 
ha/e  not  yet  been  identified. 


b.  Investigation  of  the  Etiology  of  Typhus  and  Spotted  Fever 
Group  Infections  Occurring  in  South  Vietnam 

Indirect  immunof luorescent  tests  performed  by  the  9th 
Medical  Laboratory  over  the  past  several  years  with  reagents  supplied 
by  the  Department  of  Rickettsial  Diseases ,  WRAIR,  have  shown 
rickettsial  infections  to  be  an  important  cause  of  febrile  disease 
in  military  personnel  in  South  Vietnam.  In  1969,  when  1,266  cases 
were  studied,  18%  were  diagnosed  as  scrub  typhus,  15%  as  murine 
typhus  and  1%  was  considered  to  be  tick  typhus.  In  response  to  a 
request,  the  9th  Med  Lab  kindly  provided  the  serum  specimens  from 
the  majority  of  the  cases  of  rickettsial  diseases.  The  Department 
of  Rickettsial  Diseases  was  interested  in:  (a)  assessing  the 
performance  of  the  indirect  fluorescent  antibody  test  under  field 
conditions;  (b)  attempting  to  identify  the  etiology  of  the  Typhus 
and  Spotted  Fever  Group  infections  to  determine  if  R_.  Canada  was 
causing  disease  in  South  Vietnam;  and  (c)  accumulating  more 
information  about  antigenic  interrelationship  among  Typhus  and  Spotted 
Fever  Group  rickettsiae.  Using  the  same  rickettsial  strains  as 
antigens,  as  was  supplied  to  the  9th  Med  Lab,  95%  of  the  cases 
diagnosed  as  murine  typhus,  and  892  of  the  scrub  typhus  diagnoses 
were  confirmed  at  WRAIR.  The  indirect  fluorescent  antibody  test 
provided  information  only  about  the  group  of  rickettsiae  to  which 
the  etiologic  agent  belonged.  Since  murine  typhus  is  the  only  member 
of  the  Typhus  Group  known  to  be  present  in  South  Vietnam,  all  illnesses 
caused  by  a  Typhus  Group  agent  were  presumed  to  be  murine  typhus. 

The  relatively  poor  performance  of  the  test  with  respect  to  scrub 
typhus  may  be  related  to  the  small  number  of  cases  sampled;  _i.  £.  , 
only  17  of  97  submitted.  It  was  possible  to  confirm  current  or  past 
spotted  fever  (tick  typhus)  infection  in  only  3  of  the  9  cases 
diagnosed  by  the  9th  Med  Lab.  A  comparison  of  the  results  obtained 
by  each  laboratory  showed  that  the  greatest  discrepancies  were  in 
tests  with  sera  from  patients  with  Typhus  Group  infection  and  the 
rickettsialpox  spotted  fever  group  antigen.  In  the  future,  R_.  rickettsi 
will  be  supplied  for  use  in  the  detection  of  Spotted  Fever  Group 
infections . 

Complement  fixation  tests  with  heterologous  antigens  rarely 
show  cross-reactivity  with  antibodies  in  the  serum  of  patients  with 
Typhus  Group  or  Spotted  Fever  Group  infections.  However,  the  more 
sensitive  indirect  immunof luorescent  test  clearly  demonstrates 
intergroup  antigenic  relationship.  Tests  performed  at  WRAIR  with 
antigen  smears  of  R.  mooseri ,  R.  Canada  and  R.  akari  showed  that  80% 
of  77  patients  with  Typhus  Group  infection  developed  antibodies  that 
reacted  with  the  rickettsialpox  antigen.  Three  of  these  cases  had 
significantly  higher  R.  Canada  titers,  and  their  illness  may  have 
been  caused  by  infection  with  that  agent.  Complement  fixation  tests 


with  group- rear,  t  ivc  and  sptc.  i  t  s  *  spec  :  i  a  inti  gem, 
etiology  of  the  Typhus  Group  infections  .ire  in  pi 


? 


t  t  iL  J  i  sh  the 


j.  Canine  0  Fe'"*:  In  Thailand 

Prior  serologic  evidence  ind’ rated  that  <  0  *  ’  <  *  infection 
of  man  in  Thailand  seldom  occurred;  (LI  1  he  H  ve  I  •  .  w  *  tic  infection 
in  small  wild  animals  was  low,  and  (cj  i  ilectr  n  t  uu.e-aic  animals 
was  rare.  In  contrast  to  thi?-  ,  serum  finii.  i  •  i  t  »  dogs  in 

the  Bangkok  municipal  pound  were  positive  in  <  U*"u  .  r.p  lament 
fixation  tests  performed  at  tie  SKATO  MeuliaJ  He  »-.jt  i  1  iboratoiv. 

Tests  were  carried  out  by  the  Department  of  1  i  kt  t  jal  Diseases, 

WRAIR,  to  confirm  the  findings  and  determine  if  ther<  w-.s  a  relation¬ 
ship  between  Q  fever  and  adenovirus  infection  as  i.a  i  bee  observed  in 
human  disease. 

It  was  not  possible  to  ii  terpre:  the  riM.lts  .*1  t  ne  complement 
1 ixation  tests  because  all  of  the  sera  found  posit  i vc  ii,  Thailand 
were  unsat Lsf actory  in  tests  at  WRA1R  because  ot  nonspecific  reactivity 
with  a  normal  yolk  sac  antiger  or  they  were  anticomp 1 enu  ntary . 

Attempts  to  remove  these  undesirable  qualities  oi  rne  specimens 
l  ailed.  Microagglutinati  on  ana  indirect  inununof Increscent  tests 
with  Q  fever  antigens  were  entirely  negative.  There  was  no  apparent 
relationship  between  the  presence  of  canine  adenovirus  antibody  in 
the  specimen  and  the  results  of  the  complement  fixation  tests  in 
Thailand.  Dogs  experimentally  infected  or  vaccinated  with  canine 
adenovirus  did  not  develop  Q  fever  complement-fixing  or  agglutinating 
antibodies . 
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meningitidis;  (U)  Bacteria:  (U)  Mycoplssmas;  (U)  L-Forms;  (U)  Immunology; 


23  (U)  -  Studies  on  the  etiology,  ecology,  epidemiology,  pathogenesis,  physiological, 
iMunologlcal  and  diagnostic  aspects  of  diseases  of  microbial  origin  which  are  current 
or  potential  problems  to  military  forces.  Current  emphasis  on  meningococcal,  gonococcal 
and  mycoplasma  Infections  In  military  forces. 

24  (U)  -  Development  of  bacterlologlc  techniques  -  isolation,  Identification,  antibiotic 
sensitivity  tests,  etc.  -  for  study  of  various  infectious  diseases.  Field  studies  on 
prophylactic  regimens,  spread  and  persistence  of  organisms  In  various  military 
populations. 

25  (U)  -  70  07  -  71  06  A  bactericidal  serotyplng  technique  has  been  developed  which 
has  Identified  a  specific  epidemic  strain  of  serogroup  C  as  the  cause  of  most  of  the 
meningococcal  disease  recorded  in  the  past  5  years.  Three  new  serologic  tests  have 
been  perfected;  a  radioactive  polysaccharide  binding  assay  has  proven  extremely 
sensitive,  quantitative  and  group  specific;  a  C**  labelled  bacterial  lysis  test  has 

ipared  favorably  with  the  standard  bactericidal  assay;  a  latex  fixation  test  has 
been  found  to  be  sensitive,  simple,  end  group  specific.  Serotype  factor  II  antigen 
of  group  C  meningococci  has  been  extracted,  partially  purified  end  characterised  as 
a  protein.  For  technical  report  see  Waiter  Reed  Army  Institute  of  Research  Annual 
Progress  Report,  1  Jul  70  -  30  Jun  71. 
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Project  3A061 102B71Q  COMMUNICABLE  DISEASES  AND  IMMUNOLOGY 
Task  00,  Communicable  Diseases  and  Immunology 
Work  Unit  168,  Bacterial  diseases 


Investigators . 

Principal:  Malcolm  S.  Artenstein,  M.D. 

Associate:  CPT  Richard  L.  Cohen,  MSC;  MAJ  Ronald  Gold,  MC; 

MAJ  James  B.  Hammond,  MC;  MAJ  Dennis  L.  Kasper,  MC; 

MAJ  Edmund  C.  Tramont,  MC;  MAJ  Frederic  A.  Wyle,  MC: 

CPT  Wendell  D.  Zollinger,  MSC; 

William  C.  Branche,  Jr.,  Ph.D.;  Brenda  L.  Brandt; 

Sylvia  G.  Cary,  Arthur  S.  Dobek,  Ph.D.; 

Merlyn  R.  Rodrigues,  M.D.;  Herman  Schneider,  Ph.D.; 

Ruth  G.  Wittier,  Ph.D.;  Lynwood  Britt;  Carroll  Burris; 

Edward  T.  Dickson;  Doris  P.  Fisher;  Hazel  D.  Fleet; 

Roosevelt  D.  Franklin;  Charles  Harkins; 

Margaret  C.  Norman;  Daniel  J.  Scott;  Martha  D.  Tingley; 

Carrie  L.  Calhoun,  SP5;  Howard  W.  Daubman,  SP5; 

Mitchell  I.  Diamond,  SP5;  Adam  D.  Druzd,  SFC; 

Benjamin  E.  Hoover,  SP4;  Peter  C.  Maloney,  SPA ; 

and  Jeffrey  L.  Winkelhake,  SP4. 

Peso r  lpt Ion. 

Studies  of  meningococcal  disease  explored  microbiological  and  host 
factors.  By  means  of  a  bactericidal  serotyping  technique  a  specific 
serotype  of  group  C  meningococcus  has  been  incriminated  as  the  epidemic 
strain  prevalent  since  1966.  The  type  specific  antigen  has  been 
extracted  from  the  bacterial  cell  wall  and  has  been  shown  to  be  a 
protein. 

New  serological  tests  have  utilized  radioactive  antigens  to  provide 
highly  sensitive  and  quantitative  assays.  A  latex  fixation  test  may 
provide  the  simplicity  and  stability  to  become  adapted  as  a  routine 
serologic  test  of  infection  or  vaccination. 

Penicillin  sensitivity  of  meningococci  has  not  changed  signifi¬ 
cantly.  A  haptene  inhibition  test  for  serogrouping  of  meningococcal 
isolates  ias  been  developed  which  should  significantly  conserve  time 
and  reagents  as  well  as  improve  the  accuracy  of  the  identification  of 
isolates . 

Special  diagnostic  bacteriological  studies  on  clinical  specimens 
have  provided  valuable  data  useful  in  management  of  patients.  Wall- 
defective  variants  of  Treponema  pallidum  have  been  created  by  treatment 
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with  penicillin  and/or  lysozyme  but  could  not  be  propagated  serially. 

A  taxonomic  scheme  for  Moll icutes  (inycoplasmas)  has  been  devised  and 
minimum  standards  for  definition  of  species  have  been  recommended. 

Progress . 

1 .  Meningococcal  disease . 

a .  Epidemiology  -  Identification  of  an  epidemic  strain  o f  group  C 
Neisseria  meningitidis. 

During  the  seven  year  period,  1964  through  1970,  a  marked 
change  occurred  in  the  pattern  of  serogroups  of  Neisseria  meningitidis 
associated  with  systemic:  disease  in  Army  recruits.  Although  group  B 
strains  accounted  for  over  85  percent  of  the  200-300  cases  per  year 
before  1966,  in  1966  at  Fort  Dix  and  in  1967  at  other  training  posts 
group  C  strains  began  to  increase  in  prevalence  (Table  1). 


Table  1.  Number  of  group  B  and  group  C  strains  isolated  from  cases  of 
meningococcal  disease  at  Fort  Dix  and  other  recruit  training 
centers  -  1964  through  30  July  1970. 


Fort  Dix 

Other  Posts 

Year 

No.  of  B 
strains 

No.  of  C 
strains 

X  of  C 
strains 
resistant 

No.  of  B 
strains 

No.  of  C 
strains 

%  of  C 
strains 
resistant 

1969 

22 

0 

0 

237 

29 

A 

1965 

1A 

3 

0 

139 

19 

11 

1966 

33 

18 

83 

193 

22 

A5 

1967 

6 

A  9 

96 

A7 

33 

72 

1968 

5 

150 

99 

32 

125 

93 

1969 

5 

65 

98 

32 

2A3 

98 

1970 

0 

75 

100 

A 

122 

96 

The  percentage  of  cases  caused  by  group  C  meningococci  has  continued  to 
rise,  reaching  96  percent  in  1970.  Even  though  mass  chemoprophylaxis 
with  sulfonamides  had  not  been  used  at  Army  posts  since  1964,  the  strains 
responsible  for  the  rising  frequency  of  group  C  meningococcal  disease 
were  almost  all  sulfadiazine  resistant.  A  similar  change,  though 
occurring  more  gradually,  has  been  observed  in  the  civilian  population. 
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A  method  of  identifying  antlgenlc&lly  distinct  serotypes  among 
group  C  strains  has  recently  been  described.  This  report  presents 
the  results  of  applying  the  bactericidal  serotyping  technique  to  143 
strains  isolated  from  cases  of  group  C  meningococcal  disease  in 
military  and  civilian  populations.  The  distribution  of  serotypes 
found  in  this  sample  suggests  that  a  single  serotype  was  responsible 
for  the  changing  patterns  of  meningococcal  disease. 

Materials  and  methods: 

Selection  of  strains:  Five  groups  of  strains  were  studied  (Table  2). 


Table 

2.  Strains 

studied  by  serotyping. 

Number 

Source 

Years 

1 . 

47 

Fort  Dix  -  cases 

1965-1970 

2. 

23 

Fort  lewis  -  cases 

1968-1970 

3. 

32 

Other  posts  -  cases 

1964-1970 

4. 

21 

Aimy  dependents 

1964-1970 

5. 

20 

Civilians  (CDC) 

1969-1970. 

Bactericidal  A  significant  modification  of  the  original 

procedure  concerned  the  normal  rabbit  serum  used  as  a  source  of 
complement  Sera  obtained  from  the  rabbits  available  to  us  were 
found  to  kill  most  strains  of  meningococci  in  the  absence  of  specific 
antiserum.  Such  nonspecific  killing  could  be  eliminated  by  absorption 
of  the  sera  with  a  group  C  strain  (1381  or  321)  before  use  as  a 
complement  source.  Absorption  was  performed  by  transferring  the 
organisms  from  an  overnight  growth  on  one  BYE  agar  plate  to  5  ml.  of 
normal  rabbit  serum  and  incubating  for  one  hr.  in  an  ice  bath  at  0°C. 
The  organisms  were  removed  by  centrifugation  followed  by  filtration 
through  a  0.45  mu  millipore  filter.  The  absorbed  serum  was  stored  in 
1  or  2  ml.  aliquots  at  -70°C  and  was  thawed  immediately  before  use. 
Because  of  some  loss  of  complement  activity  during  absorption  the 
concentration  of  normal  rabbit  serum  was  increased  to  20  percent 
instead  of  the  10  percent  originally  employed. 

Anti-factor  sera  were  prepared  as  previously  described.  In  the 
course  of  this  study  several  strains  were  found  which  were  not  killed 
by  antisera  to  factors  I  through  IV.  Antisera  were  prepared  against 
these  strains  and  after  appropriate  cross  absorptions  factors  V  and  VI 
were  identified.  The  anti-factor  sera  were  used  in  a  final  dilution 
of  1:20,  a  dilution  which  resulted  in  90  percent  killing  of  the 
homologous  strains  but  no  killing  of  heterologous  group  C  strains. 


Results : 


Definition  of  serotypes:  The  1  *3  strains  were  grouped  into  six  sero¬ 
types  which  were  defined  by  the  presence  of  one  factor  common  to  all 
strains  of  a  given  serotype.  Strains  of  serotypes  3,  5  and  6  contained 
only  one  factor:  III,  V  and  VI  respectively.  Serotypes  i,  and  4 
were  more  complex  in  that  many  strains  contained  factors  in  addition 
to  the  one  defining  the  serotype.  Of  the  23  strains  in  serotype  1, 

10  had  only  factor  I  while  11  hid  factors  1  and  IV.  Eighty-eight 

strains  were  grouped  together  in  serotype  2:  15  had  only  factor  II, 

32  had  factors  II  and  III,  10  had  factors  II  and  IV,  and  31  had 

factors  II,  III  and  IV.  Finally,  20  strains  were  assigned  to  serotype 
4:  9  had  factor  IV  alone,  II  had  factors  III  and  IV,  and  1  had  factors 

IV  and  V. 

The  consequence  of  this  particular  serotype  scheme  is  chat  cross 
reactions  occur  between  certain  strains  of  serotypes  i,  2  and  4  as  a 
result  of  the  sharing  of  factor.  Ill  and  IV.  However,  as  will  be  shown 
below,  the  separation  of  these  serotypes  appears  to  be  Justified  since 
strains  containing  factor  II  have  been  responsible  fer  '.he  epidemics  of 
group  C  disease  in  military  recruits. 

Fort  Dlx.  The  serotypes  identified  in  the  strains  isolated  at 
Fort  Dix  between  1965  and  1970  are  presented  in  Tible  3. 


Table  3.  Serotypes  identified  from  cases  of 

group  C  meningococcal  disease  at  Fort 
Dix  between  1965  and  1970. 


Year 

No.  of  strains 
studied 

Serotype 

1 

2 

4 

6 

1965 

2 

1 

1 

0 

0 

1966 

11 

0 

10 

1 

0 

1967 

10 

0 

10 

0 

0 

1968 

6 

0 

5 

0 

1 

1969 

8 

1 

7 

0 

0 

1970 

10 

1 

9 

0 

0 

47 

3 

42 

1 

1 

Although  4  different  serotypes  were  found,  42  of  the  47  strains  were 
serotype  2. 


Fort  Levis.  The  serotypes  found  among  the  23  strains  isolated 
from  cases  in  basic  trainees  at  Fort  Lewis  between  October  1968  and 
May  1970  are  indicated  in  Table  4. 


Table  4.  Serotypes  identified  at  Fort  Lewis. 


Serotype 

No.  of  - 

Date  of  isolation  strains  2  4  NT* 


Oct  68 

-  Feb  69 

4 

0 

4 

0 

Mar  69 

• 

-  May  69 

14 

10 

3 

1 

Jun  69 

-  Jun  70 

5 

23 

5 

0 

0 

*Nontypable 

An  epidemic  of  group  C  disease  occurred  at  Fort  Lewis  between  February 
and  May  1969.  Serotype  2  strains  accounted  for  10  of  14  isolated  during 
March-May  1969. 

Other  posts.  The  distribution  of  serotypes  among  the  32  strains 
Isolated  between  1964  and  1970  at  posts  other  than  Fort  Dix  is  given  in 
Table  5. 


Table  5.  Serotypes  Identified  from  cases  of  group 
C  meningococcal  disease  at  posts  other 
than  Fort  Dix  and  Fort  Lewis  between 
1964  and  1970. 


Year 


No.  of  strains 
studied 


Serotype 

1  2  4  NT* 


1964 

1965 

1966 

1967 

1968 

1969 

1970 


5  2 

4  1 

8  1 

4  0 

2  0 

4  0 

5  1 

32  5 


1  2  0 

1  1  1 

4  3  0 

4  0  0 

2  0  0 

4  0  0 

3  0  1 

19  6  2 


*Nontypable 


"hree  serotypes  were  found:  1,  2  and  4.  Two  strains  were  not  typable 
with  the  available  anti-factor  sera.  Of  the  17  strains  recovered  before 
1967,  only  6  were  serotype  2.  iowever,  13  of  the  15  strains  isolated 
after  1967  were  serotype  2. 

Civilian  strains.  Five  serotypes  were  found  among  the  12  strains 
recovered  from  military  dependents.  No  serotype  2  strains  were  found 
in  11  cases  occurring  before  1967;  8  of  10  strains  recovered  after  1967 
were  serotype  2.  Three  of  the  ’0  strains  isolated  from  civilians  not 
related  to  military  personnel  were  nontypable.  Four  serotypes  were 
found  in  the  17  typable  strains  as  indicated  in  Table  6. 


Table  6.  Serotypes  identified  from  cases  of  group  C  meningococcal 
disease  in  civilians. 


Source  of  strains 

No . 

studied 

1 

2 

Serotype 

3  4 

5 

NT 

Military  Dependents 

21 

8 

8 

1 

2 

2 

0 

CDC 

20 

7 

5 

1 

4 

0 

3 

Relationship  between  serotype  and  sulfadiazine  susceptibility. 
Twenty  of  23  serotype  1  strains  had  MIC's  of  1.0  mcg/ml.  or  less. 
Eighty-three  of  the  88  serotype  strains  were  resistant  to  greater  than 
1.0  mcg/ml.  Between  these  two  extremes  were  the  21  serotype  4  strains, 
10  of  which  were  inhibited  by  1.0  mcg/ml.  Eight  of  the  11  strains  of 
serotypes  3,  5  and  6  and  NT  were  sensitive. 

Discussion: 

These  results  suggest  the  existence  of  an  epidemic  strain  of 
group  C  meningococci  (serotype  2)  which  also  is  resistant  to  sulfa¬ 
diazine.  Recent  studies  by  other  workers  have  shown  a  similar 
phenomenon  based  upon  a  meningocin  typing  scheme.  As  yet,  the  two 
techniques  have  not  been  compared  on  the  same  set  of  strains.  The 
next  section  of  this  report  will  describe  the  serotype  specific  antigen 
which  has  been  extracted  from  the  whole  organism.  These  new  tools 
should  provide  considerable  new  insights  into  the  epidemiology  of  and 
immunity  to  the  meningococcus. 


b.  Meningococcal  antigens  -  Serotype  antigens  of  N. 


N.  meningitidis  has  been  the  subject  of  immunochemical 
analysis  for  over  35  years.  During  this  time,  definitive  evidence  has 
been  obtained  which  shows  that  group  specificity  resides  in  the  capsular 
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polysaccharide.  However,  investigation  of  other  cell  surface  antigens 
has  been  almost  totally  neglected.  That  they  exist  and  are  of  some 
significance  can  be  deduced  from  the  many  reports  in  the  literature  of 
intergroup  cross-reactivity  and  intra-group  heterogeneity. 

As  described  above  by  using  a  bactericidal  assay  it  has  been 
possible  to  identify  distinct  serotypes  within  the  meningococcal  sero- 
group  C. 


Recent  work  has  succeeded  in  Isolating  and  identifying  the 
antigens  responsible  for  this  serotype  specificity. 

Methods: 

The  organisms  for  the  antigen  extraction  were  grown  in  10  liters 
of  Mueller-Hinton  broth  in  a  microferm  fermentor  for  18  hrs.  at  37°C. 
They  were  removed  from  the  media  by  continuous  flow  centrifugation, 
washed  three  times  and  suspended  in  saline  to  a  10%  w/v  concentration. 
Using  a  modified  Ribi  ether  extract,  two  volumes  of  cold  ether  were 
added  to  the  saline  suspension.  The  ether-sallne-organisms  suspension 
was  stirred  for  18  hrs.  in  the  cold  and  then  transferred  to  a  separatory 
funnel  to  stand  overnight.  The  mixture  separated  into  essentially  two 
phases:  the  upper  ether  phase  and  the  lower  aqueous  phase.  '  The  lower 

phase  was  carefully  drained  off  and  organisms  were  removed  by  centrifu¬ 
gation  and  discarded.  The  saline  supernatant  was  concentrated  5X  by 
ultrafiltration  over  an  Amicon  PM  30  membrane  and  dialyzed  against 
Tris-HCl  buffer  over  the  same  membrane.  This  dialyzed  retentate  was 
the  crude  antigen  (Fig.  1). 

The  bactericidal  inhibition  test  was  used  to  assay  for  the 
presence  of  the  type  specific  antigen. 

Fig.  2  illustrates  bactericidal  inhibition  obtained  with  varying 
dilutions  of  crude  antigen.  It  can  be  seen- that  a  linear  response  in 
inhibition  is  obtained  with  Increasing  concentrations  of  protein 
antigen. 

The  three  prototype  meningococcal  strains  for  this  investigation 
were  chosen  on  the  basis  of  their  serologic  patterns:  two  group  C 
strains  that  were  of  different  serotypes  (60E  *  type  I;  1381  *  type  II). 
One  serogroup  B  strain  whose  serotype  was  Identical  to  one  of  the  other 
serogroup  C  strains  was  also  chosen  (99M  -  type  II). 

In  Table  7  is  shown  the  serotype  specific  inhibition  with  the 
crude  antigens. 
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Table  7.  Bactericidal  inhibition  by  crude  antigens. 


Serotype 

Antigens  extracted 

f  rom 

60E  (1) 

1381  (11) 

99M  (II) 

Ic 

100% 

0% 

0% 

uc 

5% 

100% 

94% 

nB 

3% 

98% 

100% 

The  crude  antigens  extracted  from  strains  1381,  60E  and  99M  gave 
inhibition  patterns  that  demonstrated  their  serotype  specificity. 

The  antigen  extracted  from  strain  1381,  a  group  C  serotype  II 
organism,  inhibited  only  the  type  II  system.  Strain  99,  a  group  B 
serotype  II  organism  and  its  extracted  antigen  inhibited  only  the  type 
II  system.  Strain  60E  is  a  group  C,  serotype  II  organism  and  its 
antigen  inhibited  only  the  type  I  system. 


Preliminary  purification  of  the  serotype  antigen  was  accomplished 
using  Sepharose  4B  gel  filtration  chromatography  (Fig.  3).  Pretreat¬ 
ment  of  the  crude  antigen  with  RNASE  eluted  the  antigen  activity  almost 
free  from  nucleic  acids. 


To  further  test  the  relation  between  protein  and  inhibitory 
activity,  trypsin  digestion  was  studied  (Table  8). 


Table  8.  Effect  of  trypsin  on  crude  antigen. 


Inhibitors  %  Inhibition 


Untreated  antigen  100% 
Trypsin  treated  antigen  3% 
Trypsin  alone  0% 


The  results  showed  100%  inhibition  of  bactericidal  activity  by  the 
untreated  antigen  and  elimination  of  almost  all  this  inhibitory 
activity  after  trypsin  treatment. 

To  test  the  immunogenicity  of  crude  antigens,  rabbits  were 
immunized  with  tne  antigens  and  the  sera  were  tested  in  the 
bactericidal  assay.  Not  only  was  high  titered  antisera  produced 
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FIs-  3.  Sepharose  4B  column  chroma c o£ raphy  of  crude*  ether  extracted 


Fiaction  Number(5ml /Fx) 


but:  the  sura  demonstrated  tlu*  simt*  -n*rot  vp*.  specificity  obtained  in 
the  inhibition  tests  (  Table  'J )  . 


Table  {) .  ba  ?  e >  i  t  : 

-  Ig  l  L  I  i  .  <  r<  1.  '* 


i  ith’t  anfi.sera  produced 

1"[  !  . 


iv,  »r.  i  *-•  ,  i  u  !  ’  i  1 1  r  i  r  idal  test 

Rabbit  an*,  i.-t  .  \  *  — - - - 

against  c  rud«.  <k,\  (II)  60E  (I) 

99M  J  :  320  0 

M Hi  .  1  <20  0 


*50%  release  toil**.  \\*  4  i  t  >ul*rictrlal  assay. 

Preliminary  toxi  ity  stud;  t ** ■* r v r. rd  eggs  have  shown  that 

while  the  partin'  !v  p--::*;  i  an  u  r  ^  epnarose  4B  chromatography 
has  some  toxicity,  o  o-.t  less  v  i  *  :  r»  fractions  eluted  earlier 
from  the  column.  Whet  tier  this  in  f,r«t  th<  antigen  is  inherently 

toxic  or  that  it  is  contaminated  w  t  •  ndoiiocin  has  yet  to  be  determined. 

While  the  structural  signit  ic  .re  »  t  the  meningococcal  serotype 
antigen  is  not  yet  known,  i  t  is  be  * ..  *  *.‘id  ;  >  nave  a  cell  surface  location 
for  two  reasons:  fitsi,  in  tic  in*  .  :  .’able  organism,  the  antigen  is 
readily  available  to  bind  with  antr-  1  i,  <ii  monstrated  by  the 
bactericidal  reaction.  Second,  otl  r  v  i^ers  have  reported  that  ether 
extraction  removes  the  outer  layer  ■  me  meningococcal  cell  wall 
leaving  the  murein  layer  and  the  n-rt  :d  me  cell  intact. 

The  answer  as  lo  whether  this  nut  f»u  Is  pirt  of  the  classical 
pro  tein-lipopo  lv.sac  char  i  de  roinnlny  o*  uram  negative  organisms  or  a 
separate  cell  wall  p  ro  1 1  in  must  aval*  tit  results  of  further  purifi¬ 
cation  and  analysis.  Studies  ire  oov  ir  p regress . 


c.  Scrol  ogi  ca  l  r  es  r.j  . 

(1)  Radioactive*  binding  -issay  for  antipolysaccharide 

N.  me- ningi  t  i d is  mfii  :y 

With  the  recent  dev*  -pcu.nt  ct  methods  for  preparing 
highly  purified  meninges  ■o-n  a  l  c.Kvi  .le  antigens  and  vaccines  the 

need  for  a  highly  sjnsi  t  i. v»  .ind  ]uin t  <  *  a t  i  s e  antibody  assay  has  become 
apparent.  None  of  the  pres  nt  iy  aval  techniques  fulfill  both  of 

these  requirements.  Th  at  l^r  ,  «  r  ri;I  f  *r '  1  vr<  antigen  binding  assay 

mod  if]  e  1  from  the  t  *  ■  *  •  i  i :  * »  u  i  - 1  i  •  s .  r  i  h  e  d  *  • •* .  •  t‘  i  s  a  s  studied.  This  type 


of  test  is  very  sensitive  since  it  measures  the  primary  interaction 
between  antigen  and  antibody. 

The  present  report  describes  the  development  and  use  of  an  antigen 
binding  assav  (ABC)  for  the  detection  of  antipolysaccharide  antibodies 

for  group  B  and  C  meningococci. 

Methods : 


Intrinsically  labeled  group  specific  meningococcal  polysaccharide 
antigens  were  prepared  by  growing  the  organisms  in  the  presence  of 
labeled  sodium  acetate  in  modified  Frantz  medium.  After  the  cultures 
had  grown,  the  organisms  were  removed  by  centrifugation  and  the  super¬ 
natant  fluid  was  sterilized  by  millipore  filtration.  The  filtrate  was 
both  concentrated  and  dialyzed  over  an  Amicon-PM-30  membrane. 

Gel  permeation  chromatography  was  used  to  purify  the  crude  antigens. 
Antigen  was  appLied  to  a  Sepharose  4B  column  and  was  eluted  with  Tris- 
HC1  sodium  chloride  buffer.  Fractions  were  collected  and  assayed  for 
both  radioactivity  and  sialic  acid  content,  since  the  group  B  and  C 
polysaccharides  are  polymers  of  sialic  acid. 

Fig.  4  illustrates  a  typical  elution  pattern  for  both  the  group  B 
and  C  polysaccharides.  The  solid  line  shows  the  radioactivity  in  counts 
per  minute,  whereas  the  broken  line  gives  the  sialic  acid  content  as 
measured  by  the  resorcinol  test.  The  horizontal  lines  at  the  bottom  of 
the  graph  illustrate  the  pools  made  from  the  fractions  collected. 

The  elution  pattern  demonstrates  two  peaks  which  contained  both 
sialic  acid  and  radioactivity.  The  first  peak  (pool  A)  while 
containing  a  significant  amount  of  sialic  acid,  also  contained  another 
labeled  substance  which  gave  a  high  binding  with  normal  human 

sera.  Fool  C,  the  second  peak,  was  the  antigen  of  choice  for  further 
studies  since  it  showed  a  6%  or  lower  reactivity  with  normal  human 
sera  and  the  highest  reactivity  (99%  precipitation)  with  the  immune 
sera . 


The  specific  activity  of  the  B  polysaccharide  antigen  was 
?,500  cpm  per  microgram  of  sialic  acid;  the  C  polvsaccharide ,  5,100  cpm 
per  microgram  of  sialic  acid.  These  radioactive  antigens  have  been 
found  to  be  very  stable  at  4°C,  giving  similar  results  with  control 
sera  over  a  period  of  six  months. 

The  reaction  mixture  for  the  radioactive  antigen  binding  assay 
consists  of  undiluted  serum,  borate  buffer  and  labeled  polysac¬ 
charide  antigen.  After  an  Incubation  of  16-18  hrs.  at  4°C,  one  volume 
of  saturated  ammonium  sulfate  was  added.  A  50  percent  ammonium  sulfate 
concentration  precipitates  antibody  and  in  this  case  the  antibody- 
antigen  omplex.  Antigen  alone  was  not  precipitated  with  50  percent 


Fig.  4.  Sepharose  4B  elution  pattern  of  radioactive  group  B  polysaccharide  antigen 


amnonium  sulfate.  The  reactants  were  incubated  for  30  minutes  at  4°C, 
followed  by  centrifugation.  The  collected  precipitate  was  then  washed 
once  with  50  percent  ammonium  sulfate  and  air  dried.  It  was  then 
dissolved  in  solubilizer  and  washed  into  a  counting  vial  with 
scintillation  fluid.  Samples  were  counted  in  a  Packard  Tri-Carb  liquid 
scintillation  counter.  Controls  consisted  of  a  normal  human  serum, 
three  positive  sera,  a  background  and  a  vial  containing  antigen  alone. 

The  antibody  level  in  the  test  serum  was  calculated  by  dividing 
the  counts  per  minute  in  the  test  serum  by  the  counts  per  minute  in 
the  antigen  added  control.  The  results  are  expressed  as  the  percent 
of  the  total  antigen  added  that  was  precipitated. 

Results  and  Discus s ion : 

Fig.  5  shows  a  titration  of  the  labeled  group  C  antigen  with  sera 
from  three  adult  volunteers  immunized  with  the  group  C  polysaccharide 
vaccine  as  well  as  a  normal  human  serum.  These  sera  were  chosen 
because  thev  represented  a  high,  intermediate  and  low  antibody 
response.  The  ordinate  indicates  the  amount  of  C  polysaccharide  which 
was  precipitated;  the  abscissa  represents  the  amount  of  antigen  added 
in  nanograms  of  sialic  acid.  As  can  be  seen  with  the  serum  of 
intermediate  titer,  the  antigen  titration  results  in  a  sigmoid  type 
curve  with  plateaus  in  the  regions  of  both  antigen  and  antibody  excess, 
and  with  a  relatively  linear  response  in  the  region  between  the 
extremes.  The  high  titered  serum  demonstrates  only  the  plateau  in  the 
region  of  antibody  excess;  the  low  titered  serum  shows  the  antigen 
excess  plateau  and  part  of  the  linear  portion. 

This  figure  also  illustrates  that  at  high  antigen  concentration, 
as  is  shown  by  the  arrow  at  the  right,  only  very  small  differences  in 
the  percent  antigen  precipitated  could  be  demonstrated  between  the 
normal,  low  and  medium  sera.  By  decreasing  the  antigen  concentration 
the  percent  antigen  bound  was  mathematically  increased,  and  this  enabled 
greater  disciminat ion  between  the  lower  titered  sera.  The  antigen 
concentration  can  be  reduced  to  such  a  small  quantity  that  almost  all 
sera  tested  show  an  80  percent  or  greater  binding.  The  low  antigen 
concentrations  were  useful  for  demonstrating  differences  in  the  percent 
of  antigen  precipitated  with  very  low  titered  sera. 

The  passive  hemagglutination  test,  because  of  its  simplicity  and 
specificity,  has  been  used  extensively  in  our  laboratory  to  measure 
ant tpol vsacchar ide  antibodies.  Compairson  of  HA  titers  and  ABC  of 
sera  from  a  large  number  of  adult  volunteers  who  received  group  C 
vaccine  showed  a  very  good  correlation  between  the  two  tests.  A 
correlation  coefficient  of  +0.8936  was  calculated  with  p  less  than 
0.001. 


The  real  need  for  an  antigen  binding  assay  was  demonstrated  when 
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the  group  ('  polysaccharide  vaccine  was  administered  to  children.  Many 
of  the  immunized  children  showed  no  detectable  change  or  only  a  low 
level  1-.  tube  change  in  group  C  hemagglutination  titers.  Even  the 
one  or  two  tube  change  was  not  significant ,  since  the  hemagglutination 
test  varies  plus  or  minus  one  tube  in  reproducibility.  By  modifying 
the  antigen  binding  assay,  that  is,  using  less  antigen,  it  was 
possible  to  obtain  greater  discrimination  with  the  low  titered  sera. 
The  antigen  binding  assay  demonstrated  significant  changes  between  the 
prevacc  i  nut  ion  and  no*- 1 -vaccination  sera  in  93  percent  of  the  children 
whereas  only  SS  percent  of  these  same  children  showed  antibody 
increase  when  measured  bv  the  passive  hemagglutination  test. 

Table  10  demonstrates  the  serologic  specificity  of  the  group  B 
and  C  antigen  binding  assays  using  hyperimmune  rabbit  sera  to  eight 
of  the  meningocoeoa  1  serogroups.  Except  for  a  one  way  cross  reaction 
between  the  «.*  mtigen  and  the  B  sera  the  test  was  serogroup  specific. 


Table  10.  Specificity  of  A.B.C.  assay. 


Rabb  i  t 

Ant l serum 

X  precipitated  antigen 

B*  Test 

C*  Test 

Normal 

3.1 

5.7 

Group  A 

Mgc 

2.8 

3.3 

(iroup  B 

Mgc 

92.6 

23.8 

Group  C 

Mk<- 

5.4 

100.0 

Groups 

X.  Y,  Z, 

3.7 

5.4 

29  K, 

1  35  Mgc 

*<']'*  lab*  led  polysaccharide 


Tin*  same  specificity  was  found  with  seta  from  humans  immunized 
with  the  group  A  and  (  polysaccharide  vaccines  and  individuals  with 
systemic,  disease  caused  bv  the  group  B  and  C  meningococcus  (Table  11). 

Repeated  studies  performed  over  a  period  of  four  months  have 
shown  that  the  binding  assay  has  a  reproducibility  of  1 5  percent. 

Cone:  1  us  ions  : 

The  radioactive  assays  for  groups  B  and  C  polysaccharide  anti¬ 
bodies  have  proven  to  be  extremely  sensitive  and  highly  quantitative. 
It  will  be  used  with  increasing  frequency  in  studies  of  immunity  and 

vac c inat i on . 
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Table  11.  Specificity  of  A.B.C.  assay. 


X  precipitated  antigen 

Human  sera 

B*  Test 

C*  Test 

Group  A  Vaccine 

Prebleed 

5.3 

3.0 

4  weeks 

5.2 

4.3 

Group  C  Vaccine 

Prebleed 

2.6 

6.6 

4  weeks 

2.1 

92.9 

Group  B  Case 

Acute 

3.5 

4.8 

7  days 

84.0 

17.4 

10  days 

83.0 

16  •  6 

Group  C  Case 

. 

Acute 

6.2 

6.9 

7  days 

7.6 

97.0 

30  days 

7.7 

80.8 

V*  labeled  polysaccharide 
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Se_rtim  bant.erlci.dal  assay  using  labeled 
N .  ine n ingltldis • 


The  serum  bactericidal  assay  is  an  important  tool 
in  the  study  of  immunity  to  disease  caused  by  bacteria.  In  the 
meningococcal  research  field  the  bactericidal  assay  has  been 
instrumental  in  the*  study  of  natural  and  vaccine  induced  antibodies, 
in  addition,  this  assav  system  has  been  important  in  defining  certain 
specific  antigens  in  the  bacteria,  as  evidenced  by  the  serotyping 
scheme  which  lias  been  described  above. 

In  order  to  devise  a  more  simplified  and  efficient  method  of 
measuring  bac t er i c i da  1  activity  a  series  of  studies  were  undertaken 
which  utilized  lvsis  of  radioactive  organisms. 

>IetJnj(Js : 

Organisms  were  grown  in  Muel ler-Hinton  broth  containing  4  pc/ml 
of  acetate.  Maximal  uptake  of  radioactivity  occurred  at  about 
the  mid-log  phase  of  growth  and  the  resulting  specific  activity 
approximated  r>000  cpm/lO*5  organisms.  Then,  mid-log  phase  organisms 
were  centrifuged,  washed  and  suspended  in  cold  Gey's  salt  solution 
at  4°C#  Preliminary  experiments  showed  that  release  of  radioactivity 
from  stored  organisms  was  minimal  under  these  conditions  for  at  least 
two  hours.  Since  normal  rabbit  serum  used  as  a  source  of  complement 
was  in  itself  bactericidal  all  such  serum  was  absorbed  with  a  standard 
meningococcal  st-ain  for  one  hour  at  4°C.  The  bactericidal  reaction 
mixture  consisted  of  antiserum,  complement,  radioactive  organisms  and 
Gey  1  s  sa  It.  sol  u  t  ion . 

In  the  experiments  controls  used  were  heat  inactivated  complement 
plus  serum  and  active  complement  without  serum. 

flu*  experiments  started  with  the  addition  of  radioactive 
organisms  to  the  reaction  mixture.  Aliquots  were  removed  for  testing 
at  various  time  intervals.  Millipore  filtration  was  used  to  separate 
the  radioactivity  released  from  killed  organisms  from  that  remaining 

in  live  organisms. 

At  the  time  of  each  sampling,  0.1  ml  of  the  reaction  mixture  was 
placed  directly  into  scintillation  vials  as  an  unfiltered  control. 
Another  port  Lon  of  the  reaction  mixture  was  filtered  through  a 
millipore  filter  and  0.1  ml  duplicate  aliquots  of  the  filtrate  were 
placed  into  scintillation  vials. 

Upon  completion  of  the  sampling,  solubilizer  and  scintillation 
tluid  were  added  to  each  vial,  which  was  then  placed  in  a  scintillation 
counter  for  determination  of  radioactivity.  We  have  found  that  with 
the  1  *‘Vt'  i  of  -peeifie  ictivity  of  the  organisms  accurate  counts  can  be 
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obtained  in  one  minute. 


Results : 


The  efficiency  of  the  filtration  method  for  recovery  of  released 
radioactivity  compared  very  well  with  high  speed  centrifugation  to 
remove  the  bacteria  from  the  reaction  mixture  containing  hyperimmune 
serum.  Both  methods  recovered  approximately  4 6  percent  of  the  total 
label.  A  large  series  of  controls  (no  immune  sera)  resulted  in  no 
greater  than  10  percent  release  in  a  60  minute  incubation  period. 

To  study  the  correlation  of  the  standard  bactericidal  test  with 
the  radioactive  bactericidal  test  the  two  methods  were  tested 
simul taneiously  on  the  same  reaction  mixture. 

As  can  be  seen  in  Fig.  6  the  initial  rate  of  killing  exceeded 
that  of  release;  however,  by  60  min.  these  rates  were  equal.  A 
possible  explanation  of  the  lag  of  net  percent  release  behind  percent 
kill  is  that  the  standard  bactericidal  test  measures  the  viability  of 
an  organism  after  interaction  with  antibody  and  complement,  whereas 
the  new  test  requires  that  some  disruption  of  cellular  integrity 
(lysis)  occurs  in  order  to  release  radioactivity.  There  appears  to  be 
an  interval  in  which  viability  is  lost  but  there  is  not  as  yet  enough 
structural  damage  to  permit  gross  release  of  radioactive  substances. 

The  radioactivity  released  and  the  killing  approximated  each  other 
at  60  min.,  therefore,  this  was  the  time  period  chosen  for  further 
experiments . 

Titration  of  an  immune  serum  against  the  homologous  organisms  is 
shown  in  Fig.  7.  At  each  dilution  both  the  radioactive  counts  and 
colony  counts  were  done.  It  can  be  seen  that  the  curves  of  the  percent 
release  and  percent  kill  approximate  each  other  very  closely.  There 
is  a  statistically  significant  relationship  with  a  correlation 
coefficient  of  0.9933  and  a  p  value  of  <,001. 

Conclusions : 

The  radioactive  bactericidal  assay  has  been  found  to  be  highly 
reproducible  and  to  correlate  extremely  well  with  the  standard 
bacteiicidal  test.  The  chief  advantages  of  the  new  test  are  its 
freedom  from  multiple  plating  and  counting  of  colonies  of  surviving 
bacteria,  procedures  w^ th  inherent  errors  and  with  opportunities  for 
contamination.  In  addition,  results  are  available  within  a  few  hours 
of  beginning  the  test.  The  radioactive  assay  has  been  used  already 
in  studies  of  the  specificity  of  cell  wall  protein  antigens  (described 
above)  with  highly  satisfactory  results. 
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ar i son  of  kinetics  of  bactericidal  test  (X  killing)  and  radioactive  assav  release) 


INCUBATION  TIME  (MINUTES) 


r -  ^ 


Fig.  7.  Titration  of  immune  serum  to  compare  bactericidal  and 
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(  0  A  J  a  lex  ,  igg  Ltit  i  n  at  ion  test  for  me.  sureme.nt  of  antibodies 
to  meningococcal  polysaccharides . 

the  use  of-  inert  nonbiolgical  particles  as  carriers 

o  1  various  inti  '."is  offers  as  its  prlm.rv  advantage  a  stable,  uniform 
and  *.*isi!  ‘  i.  il.ic  vehicle.  Latex  particles  hav<  been  used  for  the 

lot  l  -t  I  ii  iii  »  .ur«*  out  of  antibodies  In  a  wid**  variety  of  diseases. 
Hie  present  report  lescribus  a  test  in  wiiich  group  specific  meningo¬ 
coccal  p  'lv  .ac.hirido  is  absorbed  onto  latex  part  ides  for  use  in  an 
indirect  aggl  u;  in  it  ion  ti-st  to  measure  serum  antibodies. 

M  i  t  e  r_i  a  1  s  : 

Anti  yon..  “<‘iiiu.  ccc.  il  strains  of  group  A  (A-l),  group  B  (B-ll), 
a:ui  mi  i  I i )  were  previously  described.  The  group  Y  (Boshard, 

AKA  Ik  03J  , )  ->triin  was  isolated  from  the  cerebrospinal  fluid  of  a 
patient  who  developed  meningococcal  meningitis.  Purified  meningococcal 
po 1 vsacchar ides  A,  h  am!  (’  wore  prepared  bv  the  method  of  Gotschlich. 
\ntigens  were  stored  as  Ivophilized  powder  in  a  dosslcater  jar  in  the 
col  1  or  is  mock  solutions  at  a  concentration  of  100  or  250  micrograms/ 
ml  which  were  held  t  ruzen  until  used. 

Prude  pe 1 vsacchar ide  antigens  were  also  used.  These  were  prepared 
by  suspending  a  six  hour  culture  of  meningococci  grown  on  chocolate 
agar  in  Phosphate  Buffered  Saline  (PBS)  pH  7.2  ±0.1  for  30  minutes 
(Mac  Far  land  BaSO/*  Standard  A‘8).  The  suspension  was  then  centrifuged 
(2000  rpm)  and  the  supernatant  was  filter  sterilized  (millipore  .04^y) 
tor  la*  is  the  an t  i gen . 

latex  jvirt i  les.  A  commercial  preparation  of  poLystyrene  latex 
(Lx)  sus|en>>ion  ei  uuilorm  particle  size  0.81  u  (Difco  Bacto  Latex  0.81) 
was  i  i'u  ,  •  ;  .  ir r i e i* . 

Methods : 

km  .  i  t  i n  ion  cd  latex  particles.  One  volume  of  latex  particles 
( 1%  v  / )  was  idded  to  an  equal  volume  of  polysaccharide  and  mixed 
geutl.  f  r  10  min.  at  37°C,  The  suspension  was  pelleted  by  centri¬ 
fugation  at  dona  rpm  for  i  min.,  the  supernatant  discarded,  and  the 
latex  particles  diluted  1  P\  the  original  volume  in  PBS,  pH  7.2  (±0.1). 

\  grid  titration  d  antigen  vs.  a  human  serum  of  high  antibody  content 
a : id  -p  d  !  w  mtibodv  content  was  performed  on  each  new  batch  of 
p*»  {  vsa  vhar  ide  t  determine  the  optimal  concentration  for  that  antigen. 
Puri  tied  polv.a  c!i  aride  antigens  (serogroups  B  and  C )  had  optimal 
concent ra t i ons  ranging  t rom  50  to  250  micrograms /ml . 

I'icc  !  t:  ■.  i,:  -  inti  nat  ion  tost .  Serial  two-fold  dilutions  of 
iu-h  f  i  ■  ■  it*  :  "nr  (do*1''  for  30  min.)  are  made  in  PBS  (pH  7.2  ±1)  using 
disposed.  ;  r  ei'.r  plates  (Iimbro  Chemical  Co.,  Inc.,  New  Haven, 


Conn.)  and  0.025  ml.  dlluters  (Cooke  Engineering  Co.,  Inc.,  Alexandria, 
Va.).  To  each  well  is  added  0.025  ml.  of  sensitized  latex  particles. 

The  plates  are  sealed,  gently  rotated  to  mix  the  reagents  and  then 
incubated  on  a  vibration  dampening  block.  The  latex  A,  B  and  C  tests 
are  incubated  fcr  4  hrs.  at  37°C  or  16  hrs.  (overnight)  at  room 
temperature.  The  Lx-Y  test  is  incubated  for  16  hrs.  at  room 
temperature  (overnight).  Agglutination  patterns  are  read  against  a 
dark  background  on  a  IT*  to  4+  scale,  14-  being  considered  positive. 
Positive  and  negative  control  sera  are  included  in  each  test. 

Immunoglobul in  characterization .  To  determine  the  immunoglobulins 
responsible  for  the  Lx  activity  sera  were  treated  with  2-mercaptoethanol 
or  fractionated  by  sucrose  gradient  ultracentrifugation.  The  immuno¬ 
globulin  content  of  the  fractions  was  determined  in  a  micro-Ouchterlony 
assay  using  monospecific  goat  antihuman  globulins  (Hyland  Laboratories, 
Los  Angeles,  Calif.). 

Results : 

Standardization  of  Lx  test .  In  order  to  standardize  the  test  a 
number  of  variables  were  studied  for  at  least  one  of  the  antigens. 

Effect  of  pH.  The  following  buffered  saline  preparations  were 
studied:  glycine  0.1M  pH  1.4-3. 6,  phosphate  0.15M  pH  5, 1-8. 2,  borate 
buffer  0.1M  pH  8. 2-9.0.  The  highest,  agglutination  titers  for  all  four 
serogroup  antigens  occurred  between  pH  7.0  and  7.3.  Thereafter, 
phosphate  buffered  saline  pH  7.2  ±0.1  was  utilized  as  the  standard. 

Washing  the  sensitized  particles.  Experiments  were  performed 
which  showed  that  agglutination  of  group  C  sensitized  particles  by 
immune  sera  was  unaffected  by  two  buffered  saline  washes.  Thus,  the 
sensitized  latex  particles  were  used  without  the  washing  steps. 

Incubation  time.  In  comparative  studies  it  *  is  found  that  the 
patterns  of  agglutination  with  the  A,  B  and  C  test  were  identical 
after  incubation  for  4-5  hrs.  at  37°C  or  16-20  hrs.  (overnight)  at 
room  temperature.  The  Y  test,  however,  gave  consistent  results  only 
when  incubated  overnight. 

Stability  of  sensitized  latex  particles.  Once  sensitized,  latex 
particles  could  be  stored  (4°C)  for  many  months  without  effect  on  serum 
titers:  Group  A-Lx,  2  months  onlv;  groups  B  and  C-Lx,  8  months  or 
more;  and  group  Y-Lx,  2  or  more  ^>nths . 

Effect  of  heating  sera.  The  effect  of  heat  treatment  of  antisera 
was  found  to  be  an  important  variable  only  with  the  Lx-A  test.  When 
freshly  drawn  serum  from  vaccinated  volunteers  was  used,  high  pre¬ 
vaccination  titers  were  frequently  observed  which  masked  antibody 
rises.  Two  subjects  high  prevaccination  titers  which  decreased 


tol  lowing  heat  treatment  whereas  one  showed  no  change  with  heating. 

Hie  two  week  post  vaccination  antibody  titers  wl re  essentially 
unaffected.  The  results  of  similar  experiments  with  early  and  late 
sera  from  patients  with  IJ,  C  or  Y  infections  or  0  vaccination  showed 
no  consistent  effects  of  heat  although  occasional  paired  sera 
demonstrated  identical  titer  changes.  Freeze-thawing  of  sera  three  or 
more  times  accomplished  the  same  effect  as  heating  at  3b°C. 

Ant i gen  ; Lnndard i zat i on .  Standardization  of  the  antigens  must  be 
done  using  h^th  i  sorur  with  a  high  and  one  with  a  low  antibody  content 
since  an  occasional  preparation  causes  a  nonspoeitie  agglutination  at 
higher  dilutions  which  mav  obliterate  the  end  point  of  the  high  anti¬ 
hod  v  serum. 


Proport i es  of  antigens  used  to  sensitize  latex  particles .  As 
ditferent  h.i  f  c  lies  ot  antigens  were  tested  in  the  Jatex  system  it  became 
apparent  that  some  were  much  more  satisfactory  than  others.  The  amount 
ot  pi.1 /saccharide  ihsorbed  to  the  latex  was  considered  a  probable 
tucLor.  In  order  to  quantitate  the  binding  of  antigen  to  latex  a 
radioactive  group  A  polysaccharide  was  prepared  using  acetate.  A 
"crude"  preparation  containing  240  mcg/prot ein/ml .  and  a  more  highly 
purilied  product  contained  only  25mcg/pro tein/ml .  The  latex  particles 
wore  sensiLized  with  the  labeled  polysaccharide  in  the  usual  manner. 

1  he  pirtirles  were  then  collected  on  a  0.45u  millipore  filter,  washed 
and  dried.  The  activity  of  the  latex  particles  plus  filter  paper, 
filtrate  and  a  filter  paper  control  were  measured  in  a  Packard  Tricarb 
Scintillation  counter.  The  percent  polysaccharide  bound  to  latex  was 
then  determined. 

it  was  found  t hat  16  times  more  crude  antigen  remained  bound  to 
the  latex  than  purified  antigen  (0.839%  vs.  0.053%).  When  these 
antigens  were  titrated  against  an  immune  serum  the  cruder  antigen  was 
uctivi  when  diluted  as  much  as  1:64  compared  to  1:8  for  the  purified 
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Similarly,  when  different  lots  of  serogroup  A  antigen  taken  at 
various  stages  of  purity  were  tested  in  the  same  manner,  the  cruder 
antigens  were  more  active  than  the  purified  antigens. 

Spec i f ic i t  v .  The  latex  agglutination  test  using  meningococcal 
:u)  I  vsaccli  tr  I  des  as  antigens  is  a  highly  specific  test  for  detecting 
ant  i  po  I  vsuecnar  ide  antibodies.  Of  21  cases  of  meningococcal  septicemia 
or  neningiti  caused  by  serogroups  B  (5),  C  (11),  or  Y  (5)  organisms, 

’9  shoved  ant  ibndv  rises  only  with  those  latex  particles  coated  with 
their  homologous  serogroup  antigens.  One  case  in  which  Y  organisms 
were  isolated  from  showed  no  antibody  rise  to  any  of  the  standard 

Cilice::-;,  nor  in  t.c  its  using  latex  particles  sensitized  with  a  crude 
p*,  1  v^ulc.Ii  ir  ide  p  repurat  ion  made  from  the  infecting  organism.  Another 
vise,  .a  which  a  group  H  organism  was  isolated  from  the  blood,  showed 
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antibody  increase  to  both  the  B  and  C  polysaccharides.  In  Table  12 
are  listed  results  of  a  battery  of  latex  tests  performed  on  sera  from 
representative  cases  of  group  C,  group  B  and  group  Y  disease. 


Table  12. 

Specificity  of 
meningitis . 

latex  test 

in  patient 

s  wi  th 

meningococcal 

Patient 

Meningococcus 

isolated 

Day  of 
disease 

Latex 

antigen 

A 

B 

c: 

Y 

GL 

Y 

i 

<i* 

2 

3 

<i 

10 

<■1 

2 

3 

5 

SU 

B 

1 

<i 

1 

<1 

<1 

7 

<i 

5 

<1 

<1 

14 

<i 

5 

<1 

<1 

WO 

C 

1 

<i 

<1 

<1 

<1 

7 

<i 

' 1 

7 

<1 

36 

<i 

L 

5 

<1 

Number  of  reactive  tubes 


The  latex  test  was  also  found  to  be  group  specific  in  patients 
receiving  the  group  A  or  C  polysaccharide  vaccines.  In  Table  13  are 
shown  results  from  four  representative  volunteers  who  received  50 
microgram  injections  of  group  C  vaccine  or  50  micrograms  of  group  A 
vaccine.  All  of  the  individuals  showed  an  increase  in  antibody  titer 
within  two  weeks  to  the  corresponding  homologous  polysaccharide  antigen. 

Sensitivity .  The  latex  test  is  quite  sensitive  as  a  measure  of 
group  specific  meningococcal  infection.  In  a  series  of  27  proven  cases 
of  group  C  disease,  24  showed  antibody  rises*.  In  the  three  remaining 
cases  a  high  unchanging  titer  was  found.  Since  the  date  of  onset  of 
illness  was  not  known  for  these  three  patients  it  is  possible  that  the 
first  serum  tested  may  have  been  obtained  after  the  acute  stage  and 
thus  the  antibody  increase  would  have  been  missed.  In  a  series  of  12 
group  B  cases,  11  showed  at  least  a  4-fcid  rise  (range  4  to  256  fold) 
within  10  days  following  hospitalization.  One  group  B  patient  had  a 
high  unchanging  titer.  Four  out  of  five  cases  of  group  Y  disease 
developed  antibody  rises.  The  remaining  case  of  Y  disease  had  no 
detectable  Lx  antibody  against  any  of  the  serogroup  polysaccharides. 

Persons  who  had  no  clinical  evidence  of  disease  but  who  developed 
positive  nasopharyngeal  cultures  (carriers)  were  also  tested  for 
development  of  antibodies.  Seventeen  of  18  persons  who  had  become 
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Table  13.  Specificity  of  latex  agglutination  test  in  volunteers 
receiving  meningococcal  polysaccharide  vaccines. 


Subjec  t 

Vaccine 

Days  post 
vaccine 

Latex 

antigen 

A 

B 

C 

Y 

Cl 

A 

0 

2* 

<1 

<i 

<i 

14 

5 

<i 

<i 

<i 

IM 

A 

0 

<1 

<i 

<i 

<i 

14 

8 

<i 

<i 

<i 

SC 

C 

0 

<1 

<i 

<i 

<i 

14 

<1 

<i 

7 

<i 

HC 

C 

0 

1 

<i 

<1 

<i 

14 

1 

<i 

5 

<i 

^Number  of  reactive  tubes. 


group  C  carriers  developed  group  specific  antibodies  as  did  8  out  of 
10  persons  who  had  become  group  Y  carriers.  However,  only  2  of  24 
individuals  who  had  become  carriers  of  group  B  organisms  developed  an 
increase  in  antibody  titer. 

Comparison  of  the  Lx  and  FAB  tests.  The  indirect  fluorescent 
antibody  test  which  uses  the  whole  organism  fixed  onto  a  glass  slide 
as  the  antigen  is  a  very  sensitive  assay  for  detecting  antibodies  in 
patients  receiving  the  meningococcal  polysaccharide  vaccines.  When 
the  two  tests  were  compared  in  23  volunteers  who  received  meningococcal 
polysaccharide  vaccines  (16  group  C  vaccine;  7  group  A  vaccine)  both 
tests  detected  antibody  increases  in  the  same  17  individuals  and  no 
antibody  rise  in  the  remaining  six  individuals.  Similar  results  were 
obtained  in  five  cases  (two  serogr-oup  B,  three  serogroup  C)  of 
meningococcal  disease. 

Comparison  of  Lx  and  HA  tests.  The  Lx  and  HA  tests  using  meningo¬ 
coccal  polysaccharides  as  antigens  showed  100  percent  correlation  in 
patients  with  disease,  carriers  and  vaccinated  subjects  (Table  14). 


Table  14. 

Comparison 

of  Lx  and 

HA  tests. 

Serogroup 

and 

No.  of 

Lx  pos . 

Lx  neg. 

Lx  pos. 

Lx 

neg. 

category 

subjects 

HA  pos . 

HA  neg. 

HA  neg. 

HA 

pos . 

C  cases 

18 

15 

3* 

0 

0 

C  carrier 

22 

20 

2 

0 

0 

C  vaccine 

90 

87 

3 

0 

0 

B  cases 

9 

8 

1* 

0 

0 

A  vaccine 

50 

46 

4 

0 

0 

*High  unchanging  titers 


When  the  same  batch  of  polysaccharide  antigen  was  used  in  both 
assays  mean  titers  were  higher  in  the  HA  test  although  the  mean  change 
in  titer  was  essentially  identical  (Table  15). 


477 


•aMo  15.  Comparison  of  maan  titers  of  Lx -A  and 
HA-A  In  volunteers  receiving  group  A 
polysaccharide  vaccine. 


Da vs  after 
vac o [nation 

Mean  titer 
ind icated 

(Log  2)  vs. 
antigen 

Lx -A 

HA -A 

0 

0.18 

3.11 

L4 

2.79 

6.00 

Mean  antibody  rise 

2.61 

2.89 

Immunoglobulins  active  in  the  Lx  test.  Sera  from  a  patient  with 
group  C  meningococcal  disease  was  examined  for  immunoglobulins  active 
in  the  Lx  system.  Results  of  sucrose  density  centrifugation  and  2  ME 
treatment  showed  all  the  activity  to  reside  in  the  IgM  moiety.  A 
second  patient  tested  by  2  ME  treatment  only  showed  IgM  activity 
exclusively  also. 

Discussion: 


The  latex  agglutination  test  as  herein  described  has  a  number  of 
advantages  over  HA  and  FAB  tests.  Latex  particles  of  known  size  can 
be  purchased  and  sensitized  without  further  treatment.  The  use  of 
such  particles  should  avoid  the  variables  found  in  human  or  animal 
erythrocytes  which  change  surface  characteristics  upon  storage,  often 
settle  unpredic tably  and  may  require  preabsorption  of  the  sera  to  be 
tested.  Polysaccharide  sensitized  latex  particles  retain  their 
properties  when  stored  for  two  months  or  longer.  Thus,  large  batches 
may  be  prepared  and  used  for  long  periods  of  time. 

In  terms  of  sensitivity  and  specificity  the  latex  test  is  quite 
similar  to  t  fie  HA  test  for  meningococcal  antibodies.  The  group  A  and 
B  HA  tests  and  the  Latex  A  and  B  tests  have  shown  differences  in  anti¬ 
body  titers  of  normal  human  sera  even  when  the  same  lot  of  poly¬ 
saccharide  was  used  for  both  assays.  However,  mean  titer  increases 
are  approximately  equal  in  both  assay  systems.  The  FAB  test  measures 
antibody  against  ocher  antigens  as  well  as  the  polysaccharide  of  the 
meningococcus  and,  therefore,  this  test  is  cross  reactive  among  the 
various  meningococcal  serogroups.  In  sensitivity  the  Lx  test  is  equal 
to  the  FAB. 

The  immunog ] obu 1  in  responsible  for  Lx  agglutination  appears  to  be 
IgM  in  the  prose. meningococcal  assay  as  it  has  been  in  a  number  of 

other  disease  states. 


A  major  1  art  or  in  the  Lx  svstpm  .ippio:  s  t  t  ho  nature  of  the 

antigen  preparation  used.  The  data  presented  .  •  .*  viccest  that  crude 
po 1 ysacchar ide  preparations  bind  to  latex  particles  more  firmly  and/or 
in  a  greater  quantity  than  purified  ,mt  ip«  ;i.s  cm  t  hu  provided  a  more 
sensitive  indicator  of  antibody  that  the  highly  purified  materials. 

In  a  recent  experiment  using  sera  t rom  ihildren  who  had  received 
group  C  vaccim  ,  seven  individuals  Jailed  t  v  mtibodr  response  by 

HA  test  and  Lx-(  Ust  using  purified  (.  ant  ice  .  Ail  sev»*i  showed 
4-fold  or  greater  Lx-«*  responses  when  a  crude  i.  uitigin  <  saline 
extract)  wa  s  used.  These  results  wort*  confirmed  i  .  t  ar  verv  sensitive 
rad  io  immunoprec  i  p  i  t  at  i on  t  •  st  . 

Furthermore,  in  1  series  of  r) 7  adult  [  mttt  i  received  the 

group  C  vaccine,  the  mean  int Ibodv  lucre. »se  between  the  prevaccination 
and  two  week  post -van*  i nat  ion  sera  using  tin  ;  in  L int  igen  was 
4,08  tubes.  »%hi  fra.-.,  t  hi*  une  samples  u  1 1  i  gi  i .  *  :  t  e  c  ruder 

po lysacchar idt  resulted  in  a  ^.86  tube  mean  ditlermct  . 

As  with  the  more  purities  antigens  the  *  rud»  ;  t  epar.it  ions  gave  no 
cross  reactions  among  the  serogroups. 

Preliminary  studies  have  not  implicate  1  in*  remit  cations  as 
important  constituents  of  the  Lx  reaction. 

Other  preliminary  experiments  have  shown  flu  feasibility  of 
sensitizing  latex  particles  with  mult  ip le  antigens  ( B ,  C  and  Y 
simultaneously).  For  this  test  the  three  antigens  wire1  mixed  together 
at  their  optimum  sensitizing  doses  and  incubated  with  the  latex. 
Homologous  serum  antibody  titers  were  identical  with  mono-  or  multiple 
sensitized  particles.  The  A  antigen,  however,  showed  loss  of 
sensitivity  when  added  to  the*  other  po]  ysacchar  ides  • 


d.  Penicillin  susceptibility  of  serol  >  i  \  gr  up  <  Ne  i  sserla 
men  I  ng  i  t  id  is  isolated  from  1964  to  19  70. 


In  recent  months  an  isolate  of  Neisseria  meninglt  id  is 
suspected  of  being  penicillin-resistant  was  referred  from  an  outlying 
Army  hospital  to  the  Department  of  Bacterial  Diseases,  WRAIR  for 
study.  Subsequent  testing  proved  the  isolati  t  b*  penicillin 
susceptible  but  prompted  a  study  to  determine  ii,  indeed,  there  has 
been  any  decrease  in  penicillin  susceptibility  tmong  a  number  of 
isolates  collected  since  196a  by  this  laboratory. 
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Thirty-nine  isolates  of  serological  group  C  N.  meningitidis  were 
selected  at  random  from  iyophilized  stocks  as  follows  (Table  16). 


Table  16.  Strains  used  for  penicillin 
sensitivity  studies. 


Year 

No .  of 

strains 

Laboratory  No. 

1964 

i 

35E 

1965 

6 

321,  381V,  60E,  95E, 

341,  411 

1966 

9 

701,  851,  881,  891,  921, 
941,  981,  126E,  621 

1967 

i 

7911 

1968 

2 

1901,  2531 

1969 

6 

690219,  690236,  690286, 
690403,  690644,  690937 

1970 

14 

5571,  5629,  5663,  5677, 
5736,  5835,  5843,  5928, 
6150,  6192,  6197,  6387, 
6390,  705664 

Methods : 

The  agar-dilution  technique  was  used  throughout.  Potassium 
penicillin  G  (Wveth,  Control  No.  W653904)  of  known  potency  was 
dissolved  in  distilled  water  and  immediately  frozen  in  aliquots  at 
~15°C.  For  use  an  aliquot  was  thawed  and  added  to  sterile,  cooled 
(48°C)  Muel ler-Hinton  agar  (Difco,  Control  No.  525687),  pH  adjusted 
to  7.0  before  autoclaving,  to  give  final  concentrations  of  penicillin 
of  0.01  unit/ml  and  0.02  0.18  units/ml  in  0.02  unit  steps.  The 
penicillin  agar  was  then  dispensed  into  petri  dishes,  allowed  to 
solidify,  and  incubate  i  overnight  at  37°C  to  test  sterility.  Plates 
were  stored  at  8°C  anc  were  used  within  72  hours  of  preparation. 

l.vophilized  cultures  of  isolates  to  be  tested  were  opened, 
suspended  in  sterile  Muel ler-Hinton  (M-H)  broth  and  one  plate  of 
M-H  agar  streaked  tor  isolation  (purity)  and  one  for  confluent  growth. 
After  overnight  incubation  at  37°C  in  a  candle  jar,  pure  cultures 
were  further  prepared  for  testing.  A  swab  moistened  with  M-H  broth 
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was  rubbed  over  the  plate  of  confluent  growth  and  transferred  to  M-H 
broth  in  a  16x125  mm  screw  cap  culture  tube.  The  optical  density  at 
650  nm  was  adjusted  to  1.0,  using  a  M-H  broth  blank  in  a  test  tube  of 
the  same  type.  Two  ml.  of  this  suspension  was  used  inoculate  a 
nephelometer  flask  containing  16  ml.  of  M-H  broth.  This  fiask  was 
shaken  at  approximately  165  rpm  in  a  rotary  shaker  v/jtor  bath  at  37°C 
for  2-3  hrs.  or  until  an  optical  density  of  approximately  0.5  was 
obtained,  using  a  screw  cap  tube  of  M-H  broth  as  tin  \  Link  as  above. 
The  culture  suspension  was  then  adjusted  to  an  optical  density  of 
exactly  0.5,  diluted  1:100,  and  an  aliquot  pipetted  into  a  template 
well  in  a  Lidwell  inoculum  replicating  apparatus.  Nine  isolates  and 
a  control,  the  Oxford  strain  of  Staphylococcus  aureus ,  were  tested 
per  template.  The  control  was  grown  and  diluted  in  exactly  the  same 
manner  as  the  test  cultures. 

Using  the  Lidwell  apparatus,  the  nine  test  cultures  and  the 
control  were  transferred  from  the  template  to  duplicate  sets  of 
plates  of  the  varying  concentrations  of  penicillin.  Following 
delivery,  each  drop  was  then  streaked  with  a  glass  rod  assembly  into 
a  single  line  of  inoculum  approximately  2 . 5  cm  long.  When  completed, 
each  plate  had  two  rows  of  five  parallel  lines  of  inoculum.  Growth 
was  nearly  confluent  in  most  cases  and  more  closely  approximated  the 
density  usually  attained  by  a  flooding  technique,  for  example,  in 
which  one  strives  for  near  confluence. 

All  plates  were  incubated  at  37°f  in  a  candle  Jar  for  18-24  hrs. 
before  reading. 

Results : 

The  lowest  concent  rat  ion  of  penicillin  producing  complete 
inhibition  of  growth  was  recorded  as  the  minimum  inhibitory 
concentration  (MIC)  for  each  isolate  tested  The  values  given 
represent,  in  most  instances,  the  average  of  at  least  two  separate 
determinations.  In  only  one  instance  did  the  results  of  two 
determinations  differ  by  more  than  0.02  unit.  Hie  value.-  obtained  in 
an}  one  experiment  by  duplication  were  always  in  complete  agreement 
within  the  limits  of  the  technique.  The  control  strain  consistently 
cad  in  MIC  of  0.02  units/ml  penicillin. 

MIC's  ranged  from  0.03  units /'ml  to  0.16  unlrs/ml  and  were 
randomly  distributed  bv  the  year-cat egories  shown  over  the  range 
between  these  values  with  skewness  toward  the  lower  MIC's.  Of  the 
39  isolates  tested,  822  had  MIC's  of  0.08  units/m1  or  'ess,  of  which 
approximately  half  were  obtained  in  1969-1970.  The  geometric  mean 
was  0.07  units/ml. 

Die  relationship  of  the  MIC  to  the  year  of  isolation  shoved  what 
appears  to  he  a  sljght  tendency  toward  an  increase  in  MIC's  f rem  1964- 
*970.  The  average  of  the  g^mietric  means  tor  the  wars  I  <64-]968 
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(19  isolates)  was  0.06  units/ml  whereas  the  average  of  the  geometric 
means  for  the  years  1969-1970  was  0.09  units/ml.  However,  the 
precision  of  the  technique,  as  evidenced  by  repeating  the  test  on 
different  days,  would  suggest  that  a  0.02  unit  variation  was  to  be 
anticipated . 

Conclusions: 

The  distribution  of  MIC  values  for  39  randomly  selected  Isolates 
of  serological  group  C  JL  meningitidis  collected  from  1964  to  1970 
was  such  that  there  is  no  clear-cut  evidence  of  a  progression  toward 
decreased  penicillin  susceptibility.  However,  there  is  an  indication 
for  monitoring  penicillin  susceptibility  in  meningococci  periodically 
to  detect  a  potential  decrease. 


e.  Hemagglutination-inhibition  for  serogrouping  of  N.  meningitidis. 

Serogroups  within  the  species  N.  meningitidis  are 
identified  on  the  basis  of  bacterial  agglutination  (BA)  with  specific 
antisera.  Although  other  methods,  such  as  precipitation,  have  been 
used  for  identifying  new  serogroups  or  studying  relationships  among 
the  serogroups  the  BA  test  has  been  the  standard  procedure  used  in 
most  laboratories  for  the  examination  of  clinical  specimens.  ■ 

The  BA  test  has  a  number  of  disadvantages,  among  the  most  prominent 
being  the  large  volume  of  antisera  needed  and  the  long  time  required 
when  survey  studies  provide  hundreds  of  isolates  for  testing.  Also, 
there  is  often  considerable  cross  agglutination  among  the  various  anti¬ 
sera,  probably  due  to  common  antigens  unrelated  to  the  serogroup 
specific  polysaccharides. 

With  the  recent  development  of  improved  methods  to  Isolate  and 
characterize  meningococcal  polysaccharide  antigens  and  antibodies  it 
has  been  possible  to  develop  a  haptene  inhibition  test  (H.I.)  to 
identify  the  serogroup  of  meningococci  Isolated  from  clinical  materials. 

Methods: 

The  test  is  essentially  the  inhibition  by  the  unknown  of  a  battery 
of  standard  passive  hemagglutination  tests. 

Antigens.  The  following  strains  of  meningococci  from  the  Walter 
Reed  Army  Institute  of  Research  collection  were  used  to  prepare  antigens: 
Group  A  (A-4);  group  B  (99M);  group  C  (9M);  group  Y  (135M);  group  29E 
(60M);  group  135  (135 III)  and  Slaterus'  X  and  Z.  Crude  polysaccharide 
antigens  were  prepared  by  the  method  of  Edward.?,  and  Driscoll.  This 
method  utilizes  milk  alkali  treatment  of  cells,  followed  by  ethanol 
precipitation.  The  portion  of  the  precipitate  which  is  soluble  in 


saline  acts  as  the  polysaccharide  antigen.  Optimal  sensitizing 
concentrations  of  each  batch  of  antigen  are  determined  bv  checkerboard 
titration  against  serogroup  homologous  immune  serum.  Specificity  is 
determined  using  homologous  and  heterologous  antisera.  Although 
purified  polysaccharides  prepared  by  the  method  of  Gotschlich  wcrt 
satisfactory  such  preparations  were  only  available  for  serogroips  A, 

B  and  C.  Therefore,  the  less  purified  antigens  were  prepared  for  all 
serogroups  studied. 

Erythrocytes .  Fresh,  formaldehyde  fixed,  pyruvic  aldehyde  fixed, 
and  formaldehyde-pyruvic  aldehyde  fixed  erythrocytes  were  compared . 
Pyruvic  aldehyde  fixed  sheep  red  blood  cells  (SRBC's)  were  selected 
for  use  because  of  their  superior  stability,  sensitizing  capacity  and 
clarity  of  reaction. 

Sensitization  of  RBC's.  SRBC's  were  washed  three  times  in 
phosphate  buffered  saline,  pH  7.2  (PBS),  and  suspended  to  4%  v,  v  in 
PBS.  The  cells  were  sensitized  by  mixing  equal  volumes  of  wa.shed  4% 
cells  with  antigen  diluted  to  its  predetermined  optimal  eoncentrat ion 
in  PBS.  The  mixture  was  incubated  at  37°C  for  one  hr.  and  washed  five 
times  in  PBS  to  remove  excess  antigen.  The  sensitized  *.ells  were  then 
diluted  to  0.5%  in  PBS  containing  0.5%  w/v  bovine  serum  albumin  (BSA) 
Sensitized  cells  were  stable  for  at  least  one  wt  ek  when  stored  at  4°C. 

Antisera.  Group  specific  rabbit  antisera  against  whole  organsism 
were  prepared  by  the  method  of  Evans  et  al.  Hemagglutination  titer  of 
each  serum  was  determined  using  methods  previously  described.  Four 
units  of  antisera  were  used  for  the  H.I.  test. 

Cultures .  Meningococcal  carrier  survevs  were  performed  as 
previor  y  described  in  Army  basic  trainees  and  laboratory  personnel. 
The  s  iective  growth  medium  consisted  of  Mueller-Hinton  agar 
containing  5%  v/v  chocolated,  defibrinated  sheep  olood  and  6  mg/mi 
Lincocin  and  25  units/ml  polymixin  B  sulfate. 

Bacterial  suspensions  were  prepared  from  positive  cultures, 
her  from  the  original  plate  or  after  one  or  two  transfers. 

Live,  formalinized ,  B-propioiac tone  inactivated  and  heat  killed 
cells  as  suspensions  were  investigated.  Live  cell  suspensions  were 
unsatisfactory  because  of  the  obvious  hazards  involved;  formalin 
killed  suspensions  resulted  in  all  bKBt'a  settling  (complete 
inhibition)  and  B-propI ol ac tone  killed  suspend  inns  resulted  in  ail 
SRBC's  agglutinating  (no  inhibition).  Therefore,  heat  killing  was 
used.  Extraction  of  group  specific  antigen  t  rom  unknown  cultures 
was  carried  out  at  5h°C  using  various  times  and  various  suspending 
media  including  physiological  saline,  I’BS,  i'BS-BSA,  and  0.3%  w/v 
trypticase  in  physiological  saline.  best  results  were  obtained 
with  PBS-BSA  as  suspending  fluid  anJ  htating  at  5b°C  f>r  two  hrs. 


4S3 


The  killed  suspensions  were  centrifuged  for  10  rain,  at  3000  rpm 
in  an  International  PR-6  centrifuge  and  the  clear  supernatants  were 
used.  Such  supernatants  can  be  used  immediately  or  can  be  stored 
frozen  (-20°C)  for  at  least  six  months. 

The  H.I.  test.  0.05  ml.  bacterial  supernatant  is  mixed  with  0.05 
serum  (4  units)  in  "U"  bottom  microtiter  plates  (Linbro  Chemical  Co.). 
Each  unknown  is  tested  against  eight  different  antisera  in  separate 
wells  and  incubated  at  37°C  for  30  min.  Then  0.05  ml.  of  sensitized 
cells  (0.5%  v/v)  is  added,  the  plates  are  sealed  with  transparent 
tape,  gently  mixed  and  incubated  at  room  temperature  on  a  vibration 
damping  platform  for  two  hrs.  Hemagglutination  patterns  which  are 
difficult  to  read  at  two  hrs.  can  be  improved  by  further  Incubation 
overnight  in  the  cold. 

A  positive  test  is  indicated  by  complete  inhibition  of 
agglutination  as  shown  by  a  clear  small  button  of  cells  in  the  bottom 
of  the  well  surrounded  by  a  clear  supernatant.  Negative  reactions  are 
indicated  by  any  pattern  of  agglutination. 

Bacterial  agglutination.  For  the  standard  bacteria]  agglutination 
(BA)  tests  moderately  heavy  suspensions  of  cells  in  normal  saline  were 
made  from  the  same  cultures  used  for  preparing  suspensions  for  the  H.I. 
test.  BA  was  carried  out  in  plastic  trays  using  one  drop  of  suspension 
and  one  drop  of  rabbit  antiserum  containing  four  agglutinating  units. 
The  mixtures  were  shaken  at  room  temperature  for  three  min.  and 
agglutination  was  read.  Agglutination  was  graded  from  t  to  4+,  but 
any  agglutination  was  considered  positive. 

Results: 

A  summary  of  the  results  of  BA  and  H.I.  serogrouplng  on  A76 
carrier  strains  of  meningococci  are  given  in  Table  17. 


Table  17.  Comparison  of  H.I.  and  BA  tests  on  476 
meningococcal  isolates . 


Results 

No.  of  strains 

X  of  total 

BA  and  HI 

381 

80.0 

agree 

HI  groupable 

BA  nongroupable 

82 

17.2 

BA  and  HI 

13 

2.8 

disagree 

* 
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There  was  agreement  between  the  two  tests  f.  r  <8J  (80/.)  of  t  tie 
strains.  Of  these*  218  strains  were  identified  s  .«  specific  sero- 
group;  163  strains  were  nongroupable  by  b*,tn  The  nor.group- 

ables  were  either  smooth  nonagglut  i  nabl « ,  L.uJ'lpj;  igy  i  j  t  ir.a:  «:d  or 
rough  bv  the  BA  scheme  and  noninhlbitorv  in  *’  *  ' .  f  ,  ■  »a  .  Anri  tier 

set  of  82  strains  was  identified  as  to  s  eroerou;  \  h .  f .  test  tut 
could  not  be  identified  by  BA.  Strains  of  all  ^cr*  groups  vor  found 
in  this  category. 

Disagreement  between  the.  results  of  the;  two  tests  were  b.er  rd 
in  only  13  (2.8%)  of  the  cultures.  Ot  these  str..i  ^  six  were  nun- 
groupable  by  BA  and  gave  double  reactions  by  H.t.  M  :  other  strains 
were  typable  by  BA  and  not  groupabLe  in  h.I.  tes's  :l  1  ••*  only 

one  strain  was  grouped  differently  in  both  assay*.  Wats  «.  n  this 
strain  were  repeated  three  times.  Each  time  tn  •  d.  .  rest  g  ive  oie 
same  result  (serogroup  B).  In  one  test  BA  was  r*«  r'Vj  ,v  serogroup 
Y;  in  the  other  two  trials  the  culture  was  nongrorr »l  W  . 

H.I.  and  8a  tests  were  per4  ormed  on  24  r.er  !  '  .  nj  ;*.!/•  a 

derived  from  blood  or  cerebrospinal  fluid.  Jvj  .  u  of  t  u*  :;i  ra!n..i  had 
been  serogrouped  by  BA  prior  to  lyophil  1  za».  Jen  vi:  at  in  *  i:n  J 
reculture  four  strains  were  multiply  agglutinated  f\  *  v  B  A  lust. 

All  cultures  were  serogroupabl e  by  the  H.I.  reu  . 

Discussion: 

Haptene  inhibition  is  a  veil  known  serological  tool  for 
demonstrating  similarities  between  antigens  and  has  been  particularly 
valuable  in  studios  of  polysaccharide  antigens  derived  fr^m  bacteria. 

A  limited  H.I.  system  was  nsec  several  years  ago  lr  this  laboratory 
to  identify  group  C  meningococci  in  a  large  field  .study  with  good 
results.  With  the  use  of  eight  '.liferent  polvsacohctr J de  hemaggluti ~ 
nating  systems  described  herein  il  has  been  leasfble  to  develop  a 
rapid*  precise  method  for  serogrojplng  meningococci.  Mis  system 
has  a  number  of  practical  advantages.  Grouping  antisera  are  used 
at  high  dilution  (HA  titers  are  ICO  fold  greatet  than  BA  titers) 
thus  conserving  this  reagent.  Sensitised  red  cells  art*  stable  for 
many  months  and  experiments  are  in  progress  ro  test  lyophliized  red 
cells.  Greater  specificity  and  sensitivity  or  the  H.I.  lust  over  the 
BA  assuy  is  Indicated  by  the  current  results.  Finally*  man  cultures 
were  grouped  by  H.I.  from  the  initial  plate  whereas  BA  grouping  often 
required  several  transfers  in  the  laboratory. 

f.  Tn  vitro  studies  of  meningrcruv.il  polysaccharides. 

(1)  React  ions  if  group  B  jfi.;  h  p  >  i  .  sa  u  h  n  ldes  with  influenza 
vi ruses 

Background .  I*  ij  known  the**  *4  ♦*  vro  *n  h  polysaccharide 


's  a  sialic  acid  (neuraminic  acid)  polymer  which  is  susceptible  to 
enzymatic  cleavage  by  neuraminidases  from  Vibrio  cholera  and  Clostric'ium 
perfr Ingens.  Since  Influenza  viruses  contain  neuraminidase  an  attest t 
was  made  to  determine  if  an  interference  by  B  polysaccharide  with 
influenza  virus  hemagglutination  could  be  detected. 

Two  Influenza  viruses  were  used,  A2/ Jap/305/57  and  B/Mass/3/66; 
both  consisted  of  chick  allantoic  fluid  harvests.  Hemagglutination  (HA) 
of  human  erythrocytes  was  determined  by  standard  titrations.  Inhibition 
with  B-l  or  C-pool  polysaccharides,  250  mcg/ml,  was  carried  out  by  30 
min.,  37°C  incubation  of  virus  +  polysaccharide  prior  to  HA  titration. 
Results  are  shown  in  Table  18. 


Table  18.  Effect  of  polysaccharides  on 

influenza  virus  hemagglutination. 


Virus 

Polysaccharide 

Viral  HA  titer 

A2 

- 

1:160 

- 

B-l 

0 

A2 

B-l 

1:160 

B 

- 

1:160 

B 

B-l 

1:160 

A2 

C 

1:160 

- 

C 

0 

B 

c 

1:160 

Under  the  conditions  of  the  experiment  there  was  no  inhibition  of 
Influenza  HA  by  either  the  group  B  or  C  polysaccharides.  These  data 
suggests  that  the  meningococcal  polysaccharides  are  different  from  the 
Influenza  virus  HA  inhibitors  found  in  many  body  fluids  (which  are 
destroyed  by  neuraminidase)  and  different  from  the  erythrocyte 
receptor  sites  to  which  Influenza  virus  jlnds. 

(2)  Relation  of  group  B  and  C  polysaccharides  with  blood 
group  substances  M,  N  and  Rhu)). 

Background .  Human  M,  N  and  Rh(D)  blood  group  antigens 
contain  sialic  acid.  An  attempt  to  detect  antigenic  cross  reaction  with 
meningococcal  polysaccharides  was  carried  out  by  inhibition  of 
erythrocyte  agglutination  by  M,  N  and  Rh  antisera. 

M  and  N  blood  group  donors  were  identified  by  stendard  techniques 
using  human  anti-M  and  antl-N  antisera.  Polysaccharides  b-4  and  C-10, 


250/ral,  were  incubated  with  antiserum  overnight  at  4°C  and  then  the 
mixtures  were  titrated. 

Results : 

Table  19  shows  that  there  was  no  inhibition  of  either  the  M  or  N 
agglutination  system  by  either  the  group  B  or  C  polysaccharides. 


Table  19,  Effect  of  polysaccharides  on  M-N  blcou  group 
agglutination. 


Red  cells 

Polysaccharide 

Agglutination  titer 

1:2 

1:4  1:8  i:lb  1:32 

M 

Saline 

+ 

4 

M 

b 

+ 

+ 

M 

c 

+ 

+ 

N 

Saline 

+ 

4-  ♦  ~  — 

N 

B 

+ 

+  4  ♦ 

N 

C 

-4  4* 

A  similar  experiement  performed  with  an  Rh  positive  donor  and  a 
saline  anti-D  antiserum  showed  no  inhibition  of  the  Rh  system  with 
meningococcal  polysaccharides  B-2  and  C-10, 

The  experiment  was  performed  a  second  time  using  four  times  the 
concentration  of  each  polysaccharide  and  a  one  hr.  37°C  incubation 
followed  by  overnight  in  the  cold.  Again,  no  inhibition  of  M,  N  or 
Rh(D)  agglutination  was  observed. 


g.  Prevalence  of  the  various  serogroups  among  case  strains  of 
N.  meningitidis  submitted  to  WRAIR. 


The  data  presented  below  reflects  a  change  in  presentation 
from  fiscal  year  tabulation  to  annual  year  tabulation.  This  change  was 
made  so  that  the  data  from  the  b.  S.  Array  could  be  more  easily  examined 
in  the  context  of  annual  reporting  years  utilized  by  oth«.*r  governmental 
agencies.  This  report,  therefore,  encompasses  the  years  1969  and  1970 
and  the  first  five  months  of  1971, 

During  1969  a  total  of  354  strains  of  N.  meningitidis  were 
submitted  by  other  laboratories  for  confirmatory  and  sulfadiazine 
resistance  studies.  Table  20  describes  the  geographical  source,  sero- 
group  and  sulfadiazine  resistance  patterns  6een  among  the  354  strains. 


Table  20.  Source,  serogroups  and  sulfadiazine  resistance 
of  case  strains  of  N.  meningitidis  submitted 
to  WRAIR  In  1969. 


Serogroup 

A 

B 

c 

Y 

Army  Area 

s* 

R+ 

s 

R 

s 

R 

s 

R 

Total 

I 

0 

0 

3 

2 

1 

65 

2 

0 

73 

II 

0 

0 

1 

1 

0 

25 

0 

0 

27 

III 

1 

0 

4 

7 

2 

61 

2 

0 

77 

IV 

0 

0 

2 

5 

2 

25 

0 

0 

34 

V 

0 

0 

0 

0 

0 

11 

2 

0 

13 

VI 

0 

0 

2 

3 

0 

110 

1 

0 

L16 

Eur 

0 

0 

7 

0 

1 

6 

0 

0 

14 

Totals 

1 

0 

19 

18 

6 

303 

7 

0 

354 

2  serogroup 
sulfa  resist. 

02 

492 

982 

02 

*  S  denotes  sensitivity  to  1  pg/ml  sulfadiazine  or  less. 


+  R  denotes  resistance  to  more  than  1  ug/ml  sulfadiazine. 

Most  of  these  strains  were  derived  from  cases  of  clinical  meningitis 
In  military  recruits  and  a  small  number  from  military  dependents  and 
military  personnel  beyond  recruit  training.  Of  these  354  strains, 

309  (872)  were  of  serogroup  C  and  the  remaining  13  percent  were 
prlsiarily  of  serogroups  B  and  Y  (WRAIR  "Boshard").  One  serogroup 
A  strain,  which  was  encountered  early  In  1969,  was  described  last 
year.  In  1969,  the  distribution  of  sulfadiazine  resistance  among 
serogroups  was  not  markedly  different  from  that  found  in  1968; 
among  group  C  strains  sulfadiazine  resistance  increased  from  96 
percent  in  1968  to  98  percent  in  1969;  among  group  B  strains 
sulfadiazine  reslEtance  decreased  from  54  percent  In  1968  to  49  per¬ 
cent  in  1969. 

During  1970  the  routine  testing  of  all  strains  for  their 
sulfadiazine  resistance  levels  was  discontinued.  A  significant 
factor  In  this'  decision  was  that  group  C  strains  comprise  the 
greatest  part  of  all  strains  submitted  to  this  laboratory  since  1967 
and  among  these  group  C  strains  the  vast  majority  (95  to  982)  were 
sulfadiazine  resistant.  Tt  is  apparent,  therefore,  that  sulfadiazine 


* 
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resistance  has  lost  its  value  as  a  routine  clinical  measurement . 
However,  sulfadiazine  resistance  testing  will  be  resumed  if  spot 
checks  reveal  a  shift  from  resistance  to  sensitivity  among  group  C 
strains  or  if  an  epidemiologic  shift  occurs  from  group  C  Lo  other 
meningococcal  serogroups. 

As  seen  in  Table  21,  in  group  C  strains  of  meningococci  again 
predominated  as  the  cause  of  meningococcal  disease  in  the  U.  S.  Army. 
Of  a  total  of  281  strains  submitted,  257  (91.5%)  were  group  C  and 
the  remaining  8.5  percent  comprised  serogroups  B,  Y,  135F  and  a  single 
group  A  strain.  The  group  A  strain  was  isolated  in  Europe. 


Table  21.  Source  and  serogroups  of  case  strains  of 

N.  meningitidis  submitted  to  WRAIR  in  1^70. 


Army 

Area 

A 

B 

c 

Y 

135 

I 

0 

6 

99 

2 

0 

107 

(38.1%) 

ii 

0 

1 

13 

0 

0 

14 

(  5.0%) 

hi 

0 

1 

34 

0 

1 

36 

(12.8%) 

IV 

0 

2 

15 

1 

0 

18 

(  6.4%) 

V 

0 

1 

50 

4 

0 

55 

(19.6%) 

VI 

0 

2 

44 

1 

1 

48 

(17.1%) 

Eur 

1 

0 

2 

0 

0 

3 

(  1.1%) 

Total 

1 

(0.4%) 

13 

(4.6%) 

257 

(91.5%) 

8 

(2.8%) 

2 

(0.7%) 

281 

(100%) 

Table  22  shows  that  the  proportion  of  group  C  cases  has  increased 
steadily,  from  13  percent  in  1965  to  its  1970  level  of  91.5  percent. 

In  this  same  period  group  B  cases  have  steadily  declined  from  86  per¬ 
cent  to  its  present  level  of  5  percent. 

The  data  on  strains  submitted  during  the  first  five  months  of 
1971,  which  are  presented  in  Table  23,  continue  the  trend  established 
over  the  past  few  years.  Despite  the  use  of  group  C  vaccine  in  six 
training  posts  during  the  epidemic  season,  no  change  in  prevalence  of 
serogroups  was  obvious. 
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Table  23.  Source  and  serogroups  of  case  strains  of 
N.  meningitidis  submitted  to  WRAIR  from 
1  January  to  30  May  1971. 


Army 

Area 

Serogroup 

B  C  Y 

To  be 

identif ied 

Total 

I 

i 

14 

2 

4 

21 

II 

0 

0 

1 

0 

1 

III 

0 

8 

0 

5 

1  3 

IV 

2 

3 

3 

0 

8 

V 

0 

22 

1 

2 

25 

VI 

0 

4 

0 

7 

11 

Europe 

0 

0 

0 

0 

n  - 

Total 

3 

51 

7 

18 

79 

*Strains 
prior  to 

received 
30  May 

too 

1971. 

late  to 

complete  identi f i cat  ion 

49i 


2.  Special  diagnostic  bacteriolo 


A  number  of  exceedingly  complex  clinical  problems  were 
studied  by  special  methods  to  identify  infecting  microorganisms.  The 
cases  presented  below  illustrate  how  this  type  of  specialized 
laboratory  examination  can  contribute  to  clinical  care  of  patients. 

Case  1 


Post-partum  Corynebacterium  Infection  (WRAIR  If 5622). 

A  19  year  old  Negro  female  with  sick  cell  trait  and  hemoglobin  C 
developed  septicemia  after  giving  birth  to  twins.  After  initial 
improvement  the  patients  course  began  to  deteriorate.  A  Corynebacterium 
sp.  was  isolated  from  the  patient’s  bone  marrow.  The  patient  made  a 
good  recovery  on  erythromycin  therapy. 

WRAIR  laboratory  results: 

A  culture  of  bone  marrow  in  thioglycollate  broth  was  forwarded  to 
this  laboratory.  Growth  of  a  Corynebacterium  sp.  occurred  after  seven 
days  incubation  at  37°C.  No  growth  was  obtained  upon  subculture  to 
blood  agar  which  was  incubated  aerobically  and  anaerobically.  Very 
little  growth  occurred  in  a  transfer  to  thioglycollate  broth..  The 
original  broth  was  then  ^ubcultured  to  thioglycollate  agar  with 
inactivated  horse  serum  and  to  another  thioglycollate  broth  with  serum. 
Both  media  were  Incubated  at  37°C,  the  agar  plate  anaerobically.  After 
several  days,  sufficient  growth  was  obtained  to  do  antibiotic 
sensitivities.  The  culture  was  sensitive  to  erythromycin  by  tube 
dilution  technique. 

Comment : 

Recently  more  attention  has  been  given  to  the  presence  of  atypical 
or  transitional  forms  of  bacteria  in  clinical  specimens.  These 
variants  may  require  osmotic  protection  and  enriched  media  for  culti¬ 
vation  in  vitro. 

In  this  laboratory,  thioglycollate  broth  with  20X  inactivated 
horse  serum  and  L  form  media  are  being  used  in  addition  to  other 
enrichment  media.  Use  of  these  special  media  allowed  more  rapid 
growth  of  this  anaerobic  Corynebacterium  thus  allowing  antibiotic 
sensitivity  to  be  tested. 
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Case  2 


Lymphadenitis  due  to  Corynebac terlum  acnes  (WKA1R  *'63b7». 


A  55  year  old  alcoholic  male  with  recurteriw  ibrxrb  phlebitis;  of 
the  right  leg  remained  symptomat  1  c  over  a  three  v.*»k  period  despite 
standard  therapy.  On  examination,  fever  101°,  swollen,  tender 
inguinal  lymph  nodes  were  noted.  A  biopsy  of  this  lesion  was  submitted 
for  special  cultures.  After  the  biopsy  the  patient  made  a  spontaneous 
recovery  without  further  therapy. 

WRAIR  laboratory  results: 

Tissue  was  minced  on  trypticase  froth  and  was  Inoculated  onto  the 
following  media: 

Thioglycoliate  broth  with  horse  serum  -  3.*°C 
Heart  infusion  broth  with  horse  serum  -  .w°C 
Blood  agar  aerobically,  anaerobically  with  COp  at  17  C 
Chocolate  agar  aerobically,  anaerobically  with  L 0;>  at  37°C 
Chocolate  cystine  agar  (37°C  with  10%  COa) 

After  five  days  incubation  anaerobically,  a  gran  ptsitive  rod  was 
observed  on  the  blood  agar  plate.  Granular  growth  was  apparent  in  the 
thioglycoliate  serum  broth  after  12  days  at  37°C.  A  gram  stain 
revealed  gram  positive  short  rods  and  filaments  with  singular  branching. 
Both  isolates  were  identified  biochemically  as  Corynebac terium  acnes . 

Comments : 

Isolation  of  the  organism  from  the  site  of  infection  indicates  a 
causal  relation  of  this  anaerobic  organism  with  the  disease.  Recovery 
of  the  patient  without  specific  antibiotic  therapy  is  probably  not 
unexpected  in  view  of  the  saprophytic  nature  *  f  trie  organism. 

Case  3 


Myeloproliferative  disorder  and  skin  ulcerations  due  to  an  atypical 
mycobacterium  (WRAIR  #6399  and  #6421) . 

A  U2  year  old  active  duty  Lt .  Col.  had  a  myeloproliferative 
disorder  cf  two  years  duration  manifested  by  anemia,  extras edulary 
hematopoiesis  and  a  fibrotic  bore  mat  ow  picture.  Over  the  pant 
eight  months  he  developed  indolent,  nonpair *ul  ulcerations  of  both 
lower  extremities.  Biopsy  of  one  of  the  skin  lesions  and  bone  marrow 
biopsy  was  cultured.  Treatment  with  streptomycin  and  sulfamethazole , 
based  upo  ,  sensitivity  studies,  resulted  in  initial  Improvement  of 
the  Lesions.  However,  relapse  occurred  and  ^ombinacion  ♦herapy  of 
rifamnln,  ethambutoJ  and  lsoniacia  v’as  substituted. 
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#6399  -  Leg  lesion  (Draddy)  2/8/71.-  The  same  procedure  and  media  as 
described  for  Case  4  below  were  used  with  the  exception  that  Mycoplasma 
diphasic  agar  was  omitted.  One  portion  of  the  original  suspension  was 
refrigerated  in  tryptose  broth  at  4°C  to  be  subcultured  at  a  later  time 
for  Listeria.  After  six  days  incubation,  aerobically  at  37°C,  tiny 
transparent  colonies  were  observed  on  brain  heart  infusion  agar  and 
blood  agar.  In  a  gram  stain  of  the  growth,  gram  positive  swollen  rods 
and  granulated  filaments  with  singular  branching  were  seen.  Sub¬ 
cultures  were  made  on  brain  heart  infusion  agar  and  Incubated  at  32°C 
and  27°C  aerobically.  After  14  days  incubation  an  acid-fast  stain  was 
prepared  using  1  percent  sulfuric  acid  as  the  decolorizing  agent  and 
methylene  blue  as  the  counter  stain.  Pale  staining  acid-fast  filaments 
with  blue  granules  were  seen  as  well  as  blue  cross  striations  in  large 
filaments.  This  organism  is  currently  being  studied  as  a  possible 
atypical  Mycobacterium. 

The  refrigerated  portion  was  subcuitured  after  21  days  storage. 

The  same  pleomorphi^  gram  positive  rod  was  isolated  but  in  addition 
a  slender  gram  negative  bipoiar  staining  rod  grew  on  brain  heart 
infusion  agar.  Both  strains  grew  better  if  glycerol  was  added  to  the 
base  medium.  On  glycerol  agar,  the  gram  negative  rod  was  very  mucoid 
and  nonpigmented .  In  heart  infusion  broth,  granular  growth  occurred 
with  a  nearly  clear  supernatant.  When  glycerol  was  added  viscous 
growth  concentrated  at  the  bottom  of  the  tube  with  very  slight 
turbidity.  The  organism  produced  branching  forms  and  short  filaments 
in  broth.  It  was  biochemically  inactive  and  nonmotile  suggesting 
Ac tlnobaclllus  but  not  glanders  or  melioidosis. 

#6421  -  Bone  marrow  (Draddy)  2/24/71.  -  After  23  days  incubation  in 
heart  infusion  broth  with  serum,  granular  growth  occurred.  Thia 
culture  contained  gram  positive  rods,  beaded  filaments  and  a  few 
slender  gram  negative  bipolar  staining  rods. 

The  pleomorphic  gram  positive  rod&  from  both  specimens  were 
Inoculated  onto  Lowensteins  Jensen  slants  and  incubated  at  37°C  for 
10  percent  carbon  dioxide.  After  16  days  the  isolate  from  the  bone 
marrow  grew  as  smooth  butf  colored  colonies.  The  organism  Isolated 
from  the  skin  lesions  produced  the  same  type  colonies  after  one 
month  incubation.  Both  were  strong  catalase  producers  (68°C). 

Comments: 

These  two  bacterial  Isolates  are  undoubtedly  the  cause  of  his 
skin  lesions  and  possibly  responsible  for  the  bone  marrow  picture. 
Further  studies  are  underway  to  completely  identify  the  organisms. 
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Cast*  A 


Regional  enteritis  associated  with  Cnrvuebar  r  *;r  1 1.  n  ;  i*t  ection 
(WRAIR  <16328).  ‘ 

A  12  year  old  hoy  had  chronic  fevt  r  nd  vriylu  1  ss  w*th  no 
gastrointestinal  symptoms .  Low  serum  alounin  an  i  .-.bn 'rmnl  duodenal 
mucosa  on  X-ray  study  suggested  the  diagnosis  r«*gi  :*•  1  enteritis. 
Abdominal  exploration  revealed  enlarge.!  mesonicr*.  ; /mph  ni  nes  which, 
on  histology,  showed  multiple,  noneaseat  i;;g  r-n  tias. 

Laborat  ory  studies  -  abdomlna  1  lymph  no  de  \  Cst  r  _ys  ky ) : 

The  specimen  was  minced  in  brain  hear*  i.Jusi  '  broth.  Hilo- 
glycollate  broth  with  serum  and  Vvcopl  isma  dl  ohmic  .».•-* r  were  Inoculated. 
Blood  and  chocolate  agar  places  were  streaked  w'tn  i  ■  suspension.  All 
media  were  Incubated  at  37°C  under  appropriate  n-*i  -  y  nr.^nt  a]  conditions 
for  the  Isolation  of  pathogenic  rs  n.i  riM.  AM  r  .T  days  v^ry  .small 
granules  were  seen  in  the  thiogiycol  late  bror  i  l.ur  ontrcl  Cubes 
were  negative.  A  gram  stain  reve.».i%d  grai  :•  .«  Unlivocci  and 

coccobacil 1 i .  Upon  subculture  tin*  organism  grew  n,  as  a  short  gram 
positive  rod  morphologically  similar  ro  a  C>rvp.eha#  terium.  Bio¬ 
chemically  it  was  the  same  as  loryne'-wn  thorium  acres  except  for  its 
failure  to  reduce  nitrate. 

Comment : 

The  relationship  of  the  organism  Isolated  to  the  patient's 
illness  is,  as  yet,  unclear. 


3 .  Inves  tigat  1  ons  on  Mycopl  ism  a  (mth[  1  icu  t  es  and  v  il  I  -de  fee  1 1  ve 
variants  of  bacteria. 


a.  Wall  -dot  ect  i ve  variants  ot  Tieponema 


i  J ! id urn . 


Microbial  variants  possessing  defective  l  11  wails  have 
attracted  considerable  interest  in  recent  years  because  of  the 
possibility  of  their  having  a  ro^e  in  the  pathogenesis  of  disease. 

The  characteristics  of  such  microbial  variants  (consistent  with  damage 
to  or  deficiency  of  cell  wall  structure)  arc  alterations  in  morphology, 
physiologv,  and  cultural  charn^t^ra,  i:iclua;r*y  c  gran-negative,  non- 
rigid  outer  covering,  resistance  u*  penicil.in,  and  «  >lonial  down- 
growth  below  the  agar  surface 


The  natute  of  the  polymorphous  c'd«e.JSi*  pattern  in  syphilis  with 
its  period  L.  course,  rroquenc  c  -  d yi •  ^  t  f *  j !  results  i»r 

iaicroscnp ir.  examination,  diA  resistance  to  treaMvrt  suggested  the 
possible  existence  of  liter ed  m\  robial  fur;'*  l\  early  Investigators. 


as 


Levaditi  in  1941  usln>;  s i l ver- impregnat ion  methods  observed  granular 
material  which  he  assumed  represented  involutional  changes  in  Treponema 
pallidum  in  material  iron  syphilitic  lesions  of  man,  rabbits  and  mice. 
Ustimenko  (1963)  more  rectuitly  reported  the  production  cr  ''L-forras"  of 
T.  pallidum  in  vitro  with  the  aid  of  penicillin  or  immune  scrum.  A 
study  was  undertaken  in  this  laboratory  to  determine  whether  cell-wall 
defective  morphological  variants  of  T.  pallidum  could  be  produced  and 
whether  such  variant  forms  were  viable. 

The  organisms  employed  were  T.  pal  1 idum ,  the  Nichol  (non- 
cultivable)  strain,  pathogenic  for  rabbits  and  carried  bv  passage  in 
rabbit  testes,  and  the  non-pathogenic  3.  pal  1 idum  strains,  Kazan  2, 
Kazan  5,  Kazan  tt  and  Nichols  (cultivable).  The  non-pathogenic  strains 
were  maintained  in  a  fluid  medium  composed  of  Bacto  heart  infusion 
broth,  Bacto  yeast  extract  (1.02  w/v),  sodium  thi  ogl  ycollate 
(0.0762  w/v),  magnesium  sulfate  (0.012  w/v),  Bacto  agar  (0.12  w/v), 
sucrose  (102  w/v),  and  inactivated  horse  serum  (202  v/v).  The  pH  was 
adjusted  to  7.4  before  the  addition  ot  sucrose  or  serum.  Incubation 
was  at  37°C  in  Brewer  Jars  containing  BBL  (iaspak,  hydrogen-carbon 
dioxide  generators. 

The  pathogenic  and  non-pathogenic  treponemes  were  indistinguish¬ 
able  by  light  microscopy,  phase  .outcast  and  dark  field  microscopy, 
and  by  various  stains.  They  displayed  a  delicate  spiral  morphology 
and  measured  6-15  pm  Ln  length  and  0.2  urn  in  width.  Motility ’ varied 
in  the  cultivable  strains;  young  organisms  were  always  actively  motile, 
showing  a  rotation  around  the  longitudinal  axis,  whereas  in  three  to 
four  week-old  cultures  the  treponemes  were  either  nonmotile  or 
displayed  merely  a  terminal  quiver.  The  pathogenic  treponemes  were 
actively  motile  in  fresh  suspensions.  Certain  ul trastructural 
differences  between  pathogenic  and  non-pathogenic  strains  have  been 
described.  The  present  study  confirmed  these  observations  on  shape  of 
extremities  and  number  and  insertion  of  fibrils.  The  structure  of  the 
parent  organism,  examined  in  detail  by  electron  microscopy,  provided 
the  basis  for  comparison  of  morphological  changes  in  the  variant 
forms . 

Colonial  growth  of  treponemes  on  solid  media  did  not  permit 
counting  by  the  usual  plating  technique,  due  to  lack  of  sufficient 
size  and  discreteness  ot  the  cc  lonles.  Estimation  of  the  concentration 
of  viable  organisms  of  the  Kazan  8  strain  grown  in  the  fluid  medium  was 
accomplished  by  the  method  of  maximum  likelihood  estimation  (most 
probable  number)  as  described  by  Cochran  (1950).  The  direct 
microscopic  count  of  a  48  hr.  fluid  culture  of  the  Kazan  8  strain  was 
5.2  x  10”  organisms/nl ,  and  the  estimated  concentration  (Cochran 
method)  of  the  same  culture  after  cent rii ugation  and  dilution  was 
2.17  x  10^  organisms/ml.  Inoculation  from  these  dilutions  on  to  plates 
(which  were  then  read  for  presence  or  absence  of  growth)  showed  an 
estimated  concentration  of  2.72  :<  10s*  organisms/ml ,  indicating  a  close 
parallel  to  the  results  tor  viability  in  the  fluid  medium.  The 
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disparity  between  the  results  of  direct  r.w i  -cw  i  :th  and  the 

viable  units  per  ml  mav  have  resulted  f  r:v.  ieno^/  ro  w  •  organisms 
by  centrifugation. 

Experiments  were  pcrtormeu  t  l-  de».  n.i!  i»*  -  ^  i  i  I  i : .  could 

induce  conversion  of  the  parent  treponeut-s  i:  merphols.*;  ;  *  n  i  /.i^iants. 

The  morphology  of  treponemes  and  round  bodies  in  fi.. id  ;.:odi.;.p  with 
concentrations  of  penicillin  ranging  fro:n  t  10,00')  in'ts/nl  (  /mi) 

vas  followed  at  varying  time  intervals  hv  means  r.  *  ;  mounts,  Memsa 

stains,  acridine  orange,  and  electron  r  torosv  '  n  ’  .-ptnien.e  of  the 
Kazan  8  strain  were  grown  for  114  hrs.  in  lit  .^n  no  ^  .u.iin»:ig 
osmotic  stabilizers  (MgSO^,  sucrose. >  and  20Z  (v/v>  Imj  L,t.n:.  .  At 
a  penicillin  concentration  of  0.01  l./ml  and  inn:' at?  i  1!'*  he. 

there  were  80  percent  treponemes  of  which  10  r  :\i  *  t 

About  20  percent  of  the  culture  consisted  r  r  «und  j  i  >;<-  ieasi  bodies 

measuring  0.2-0. 4  am  in  diameter.  A  few  largei  1  »u  *j-*diou 

measuring  0.4-0.  A  um  were  also  seen.  . n  4  8  hr.  eo  je  w\!d 

be  identified  ana  occasional  nund  r  d:»  >  ✓  r  •  .  *'*  •  -w  .  i\  n .  1  1  1  >r 

in  a  concentration  of  0.1  p/m]  had  a  m-.^re  sov»  :t  e*  ;  within  hr. 
no  treponemes  or  round  bodies  could  bt.  identJ;i<  ..  i'h  a  c  uicuntrat ion 
of  10  ^/ral  of  penicillin,  there  Were  ^nJ”  20  p  pen*  nc  n.mut  1  le  treponemt 
and  75  percent  round  bodies  after  24  hr.  and  u  m  i.**rc  d»*t  ?  ted  after 

48  hr.  At  penicillin  concentrations  of  J  00.  * /*<  ,  *0,000  u/v.\i  no 

organisms  were  found  by  vet  mounts  at  24  and  n  !*fc .  icir.ia  stains 

the  round  bodies  were  usually  purple  and  varied  in  si:*  from  0. 2-0.4  um 
in  diameter,  whereas  treponemes  were  usually  dm,  t  iuk  .  .uridine 

orange  vital  stains  and  fixed  smears  reveau.i  « !u.  ’right  teddish-brewn 

fluorescence  of  RNA  in  younger  treponemes  and  in  some  round  bodies, 
whereas  older  treponemes  and  seme  of  the  variant  form*  dispia>ed  the 
greenish  fluorescence  of  DNA. 

Electron  microscopy  of  cultures  cf  the  Y a/ai  b  . tr. i . : .  :* eared  with 
0.01-0.1  y/ml  of  penicillin  revealed  .he  present  ■  r  *  n  vul  or 

irregular  structures  and  occasional  tropeuc  .  The  ivuud  bodies  were 
usually  surrounded  by  a  double  unit  membrane  .  *k»K  vtoplasm  displayed 
a  delicate  fibrillar  pattern  with  scattered  d*  i  ri:>os  mt-s .  >h*co 
round  bodies  and  fewer  trepunome  were  <  bs»vved  in  cii  nr  on  containing 
higher  concentrations  of  penicillin. 

Negative  stains  for  electron  rn<  ::ro»(vpy  were  •  :u  >u  a  culture  to 
which  0.1  i/inl  of  penicillin  had  c»  '  r.  iddti.  I’rev*!^'  .ops  were  studied 
hourly  for  8  hr.  after  the  addition  of  oer.icill.r.  !' :  liar  preparations 
were  made  of  a  control  culture  viihour.  pent  will:!..  At  *•  hi  Lhc  control 
appeared  unaltered,  whereas  rlu  peril'  1 !  :n*  .rr-utt-c  ..ul.vix  owed  that 
the  cell  wft'ls  of  ..ore  organisms  appeared  {  ;•;  .  no  *  :vr«..  w»  disruption 

of  numerous  filaments.  At  b  hr.  :u  me  crg*w.  ^  rpp»  ar*  :  rng.ented. 

At  8  hr.  a  few  round  bodies  were  detected,  vhen*:i*.  »:<?p  ru-n;t  ,  wort*  well 
preserved  ir  the  control  cultures. 
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"K’nnd 


nanoages  were  made  Lo  lot * riri »v*  *■'  h 
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treated  treponemes.  A  total  of  15  serial  transfers  were  made  from 
penicillin-treated  cultures  to  fresh  penicillin-containing  and 
penicillin-free  fluid  medium.  There  was  no  evidence  of  growth  in 
either  of  the  serial  transfers. 

Penicillinase  was  tested  for  its  ability  to  inhibit  or  reverse 
the  effect  of  penicillin.  It  was  found  that  penicillinase  in 
concentrations  of  0.1-10  ii/ml  added  to  a  culture  of  Kazan  8  in  fluid 
medium  one-half  hr.  after  the  addition  of  penicillin  (0.01  y/ml) 
resulted  in  partial  inhibition  of  the  effect  of  penicillin. 

Penicillin-gradient  plates  with  wells  that  contained  penicillin 
in  concentrations  of  0.1-10,000  u/ml  and  20%  (v/v)  horse  serum  were 
investigated  as  means  for  producing  variants  on  solid  medium.  The 
plates  were  inoculated  with  an  actively  growing  24  hr.  culture  of  the 
Kazan  8  strain.  Plates  without  penicillin  were  used  as  controls  and 
were  incubated  under  the  same  conditions.  Colonies  were  noted  in  the 
control  plates  after  48  hr.  The  gradient  plates  with  a  penicillin 
concentration  of  0.01  and  01.  .-/ml  showed  a  few  scattered  colonies  in 
the  area  furthest  from  the  trough  and  plates  containing  higher 
penicillin  concentrations  showed  no  growth.  The  colonies  observed 
were  very  small  or  hardly  visible,  measuring  0. 1-0.2  mra  in  diameter, 
rounded  or  irregular,  cream-colored  and  glistening.  Studied  by 
Dienes1  stained  preparations,  the  colonies  appeared  to  grow  centrally 
into  the  agar  for  a  depth  of  4-6  um.  The  colonies  contained  70  per¬ 
cent  round  bodies  and  30  percent  treponemes,  the  latter  usually  at 
the  periphery.  The  round  bodies  were  smaller  and  denser  at  the 
center  with  a  granular  appearance  and  measured  0. 1-0.2  pro  in  diameter. 
In  the  paracentral  portion  of  the  colony,  the  round  bodies  were  both 
phase  dense  and  phase  pale,  measuring  0. 3-0.4  pm  in  diameter.  Some 
treponemes  at  the  periphery  appeared  relatively  well  preserved  whereas 
other  organisms  were  partly  fragmented.  The  colonies  were  kept  under 
observation  for  possible  L-phase  transformat  ion.  Dienes'  stained 
preparations  were  made  at  weekly  Intervals  of  the  colonies.  Blocks 
excised  from  portions  of  penicillin-containing  agar  which  had  received 
broth  inocular  but  failed  to  show  I, -form  colony  growth  were  passed 
after  one  week  to  agar  plates  containing  the  same  concentration  of 
penicillin  and  to  similar  medium  without  penicillin.  Growth  was  not 
detected  in  the  subsequent  transfers.  Agar  blocks  bearing  colonies 
were  also  transferred  directly  into  fresh  penicillin-free  fluid  medium. 
Since  growth  was  not  detected,  12  "blind"  serial  transfers  in 
penicillin-free  fluid  medium  were  made  and  each  passage  was  subcultured 
on  penicillin-containing  agar.  Growth  was  not  detected  in  any  of  the 
serial  transfers. 

When  a  specified  concentration  of  penicillin  was  Incorporated  In 
the  serum  agar  medium  before  pouring  plates,  much  the  same  results 
were  obtained.  In  plates  incorporating  penicHlin  in  concentrations 
of  0.01-10  u/ral ,  a  moderate  number  of  verv  small  colonies  appeared 
after  5-7  days  of  incubation.  The  colonies  were  similar  to  those 


found  in  the  penLci  1 1  in-grad  lent  plare^  ind  wvr.  ::  ih  .admit  in 

plates  containing  0.0!  kJ/ml  penicillin,  ~hev  «n  it  r:ov  into  the 

agar  forming  central  cores  up  to  b-12  i  dept:.  o.'.ius  were  not 

found  in  plates  containing  concent  rn*  ion->  ot  .v:i  i  i  i : .  ngner  thin 
10  u/ml . 

Experiments  were  conducted  to  detemint  whet  hm  >  y suzyne  could 
induce  the  formation  of  morphological  variants  r. :  tr  poremes.  Twenty- 
four  hour  cultures  of  the  Kazan  f.  strain  were  h  ir-re- *  ed  t  catri- 
fugation  and  examined  hv  phase  contrast  microscopy  1  he  inoculum 
contained  10^  organsism  per  nl  of  which  90  n>:r  volt.*  loMle.  Half 

of  the  suspension  was  treated  witn  lvsozvm  1  n  eat  nations  of 
200  ug/ml  and  the  other  half  used  as  a  euniri  i  .  r  viable  counts. 

Hie  lysozyme-treated  suspension  was  Incubated  f  i  -18  hr  and  then 
passed  through  at  least  five  serial  transfers  ic  fresh  liuJd  medium 
withotit  lysozyme,  before  re-exposure  to  100  ug/r.h  of  *yso/,vme.  Fibres 
were  Inoculated  from  each  transfer,  lire  cii^iu.  usu  n s ion  was 
treated  with  lysozyme  throe  times  (200  jg/mi  •  ;  i  .i;u.y  ac  ‘  i  ir,.i 

for  the  2nd  and  3rd  exp^iurts.  The  initial  lysr  zv;r.  •  treated  culture 
in  fluid  medium  was  examined  by  vet  Mounts  a*  24  ai.u  *h  hi  .  Ihe 
suspensions  contained  80  percent  treponemes  of  vu*.  h  M  percent  were 
motile.  Round  bodies,  mostly  phase  dense,  unspriveu  d*:  percent  of  the 
total  suspension.  Examination  of  Dienes'  stained  lories  revealed 
a  greater  number  of  treponuues  (7 5*.)  and  fewer  round  bodies  (25?). 

Most  of  the  treponemes  appeared  well  preserved.  Electro:;  microscopy 
of  the  lysozyme-treated  broth  suspension  showed  riiat  ^ome  treponemes 
displayed  mild  to  moderate  damage  of  the  cell  wall  with  disruption  of 
the  filaments.  Other  organisms  appeared  intact.  The  few  scattered 
variants  appeared  similar  to  those  in  penicillin-treated  cultures  and 
were  surrounded  by  a  single  or  double  unit  membrane.  In  some, 
portions  of  treponemes  could  be  seen  blending  into  hie  variant  iorms. 

Preparations  mad*  from  the  serial  transfers  (1 vaozyme-t ree)  showed 
almost  the  same  growth  as  the  control  cultures.  The  no  end  treatment 
with  lysozyme  (100  ag/ml )  resulted  in  more  severe  damage  tc  the 
organisms.  Only  a  few  Intact  treponemes  ver*  found.  The  variant  forms 
were  surrounded  by  a  strgle  or  double  unit  membrane.  Wet  mounts  and 
Dienes’  stained  preparations  showed  a  greater  number  oi  round  bodies 
(50%)  and  a  lesser  number  of  treponemes  (502).  Following  the  third 
treatment  with  lysozyme  (100  jg/nl),  there  was  oven  greater  damage  to 
the  treponemes.  Wet  mounts  nfee^  24  hr.  shoved  20  percent  mostly  non- 
mo  ti  le  treponemes  ana  80  percent  round  bodies.  Jiateu  on  to  solid 
medlc.tr  colonies  grew  Into  the  agar  tc.  a  depth  or  3-b  pm.  Electron 
microscopy  shower!  more  numerous  variant  forms  and  tewer  treponemes. 
Passage  irto  ly.itjzvme-fret!  fluid  medium  did  not  result  in  growth. 

The  pJatec  were  Incited  for  ui>*  weeks  anc  examined  ai  frequent 
intervals.  1,-forrc  »  olonies  were  not  found.  In’tic.  treatment  with 
lysozyme  vas  no.  !**hni  to  the  treporeme.i ,  out  subsi  que  tit.  Ivsozyme 
exposure  to  the  s.tr.e  *'*u  1 1  ir ^  resulted  it  jrrr  ;cc  .hie  Janage  to  the 
organisms.  Lv.sc.  •  -  induced  damage  tu  the  'ell  w;JJ  was  not  as 
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severe,  however,  as  that  of  penicillin. 

In  conclusion,  it  appears  to  be  relatively  simple  to  produce 
certain  cell-wall  defective  variants  of  T.  pallidum  by  use  of 
penicillin  or  lysozyme.  These  variants  have  characteristics 
suggestive  of  spheroplasts  or  transitional  phase  variants  with  poor 
ability  to  propagate  as  such.  Self-propagating  true  L-phase  variants 
were  not  produced  in  this  study. 

b.  Type  culture  collections  of  Mollicutes  and  L-phase  variants 
of  bacteria. 

The  joint  American  Type  Culture  Collection  (ATCC)  and 
WRAIR  collection  of  Mollicutes  and  L-phase  variants  has  been  in  existence 
for  10  years.  The  policies  set  up  for  this  collection  are  firmly 
established  and  operating  effectively.  Most  depositors  have  cooperated 
with  the  ATCC  by  submitting  their  strains  at  a  lower  passage  level  than 
those  previously  acquisitioned,  and  by  checking  sample  vials  after 
preservation  of  their  strains  before  the  strains  are  released  by  ATCC. 
This  offers  greater  assurance  to  both  ATCC  and  other  investigators 
regarding  authenicity  and  purity  of  strains.  All  mycoplasma  strains 
in  the  collection  (with  the  possible  exception  of  ATCC  it 25298, 

Mycoplasma  orale,  type  3)  are  now  cultivable  from  the  freeze-dried 
state;  this  has  eliminated  the  expense  of  shipping  frozen  whole  cultures 
in  dry  ice.  The  notable  absence  of  complaints  that  cultures  were 
contaminated  at  the  time  of  receipt  can  probably  be  credited  to  constant 
vigilance  at  each  procedural  step  and  thorough  sterility  testing.  There 
have  been  complaints  that  four  cultures  were  nonviable  out  of  326  vials 
of  cultures  sent  out  from  ATCC.  Vials  of  these  four  cultures  were  re¬ 
checked,  and  the  colony  forming  units  were  found  to  be  still  as  high  as 
at  the  time  of  initial  processing.  Due  to  the  increased  number  of  vials 
preserved  at  the  time  of  submission,  it  has  been  necessary  to  replenish 
the  seed  stock  of  only  eight  strains  of  Mycoplasma  tales  and  L-phase 
variants  In  the  past  year. 

The  recommended  medium  for  65  of  the  78  strains  now  in  the 
collection  is  Bacto  heart  Infusion  broth  (pH  7.5)  containing  20%  (v/v) 
horse  serum  (inactivated)  and  10%  (v/v)  of  a  25%  (w/v)  fresh  baker's 
yeast  extract.  With  the  exception  of  M.  orale,  type  3,  the  T-strain 
mycoplasma,  and  Thermoplasma  aridophilum,  the  other  62  strains  will 
adapt  to  the  above  medium.  Three  swine  mycoplasma  strains, 

M.  hyopneumoniae ,  M.  suipneumonlae ,  and  M.  hyosynovlae  (all  of  which 
are  considered  very  fastidious)  have  now  been  adapted,  after  a  maximum 
of  five  passages  from  their  recommended  broth  medium,  to  the  above 
medium.  Adaptation  to  this  standard  medium  enables  investigators  to 
employ  these  strains  readily  in  studies  that  require  larger  numbers  of 
organisms  with  reliable  growth  habits.  This  medium  is  not  reconmended 
for  the  initial  isolation  of  the  more  dif f icul t-to-grow  organisms. 


The  number  of  vials  of  Moll lcutes  and  L-phase  variants  purchased 


from  the  ATCC  has  increased  by  only  one  percent  this  year  f 31 7  vials 
in  1970  and  326  vials  in  197.1),  reflecti  ng  the  decrease  of  tne  funds 
to  many  of  the  universities  and  research  Institution  that  ordinarily 
purchase  cultures.  Ninety-two  vials  of  "ult  ;re«  were  distributed 

free  of  charge  to  personnel  at  WRAIR  and  other  military  installations. 
Between  40  and  50  percent  of  the  total  requests  including  both 
Mollicutes  r.nd  L-phase  variants  were  made  for  strains  deiived  from 
human  origin,  suggesting  a  continued  active  interest  ,n  the  signifi¬ 
cance  of  these  agents  for  man,  At  leaiir  30  new  -trains  Including 
Mollicutes,  L-phase  variants,  and  selectee  parent  or  revet tant 
bacterial  forms  have  been  received  by  WRAIR  and  will  be  accessioned 
by  the  ATCC  in  the  near  future. 

The  freeze-drying  method  used  for  pre-serving  the  invcoplasmas  at 
ATCC  was  recommended  to  a  WRAIR  meningococcal  research  group.  A 
strain  of  meningococcus  propagated  serially  In  tiu±  presence  of  peni¬ 
cillin  was  nonviable  after  freeze  dryirg  in  tV  routine  suspending 
medium  employed  at  WRAIR.  By  use  of  .12%  (w/  }  sucrose  in  the  special 
mycoplasma  suspending  medium  used  by  ATCC,  the  meningococcal  strain 
was  successfully  preserved  by  ^reeze-drying . 

The  ATCC  Virus  Department  routinely  cultured  for  the  presence  of 
mvcoplasmas  In  viral  material  received  for  pieservat  ion  Recommenda¬ 
tions  as  to  media,  methods  for  cultivation,  and  microscopic  examination 
for  growth  were  supplied  by  the  Mycoplasma  Research  Section  a i  WRAIR. 
Although  this  is  a  recent  collaborative  project,  the  presence  of 
mycopl&smas  in  tissue  cultures  of  viral  material  has  already  been 
confirmed  by  investigators  at  both  institutions.  This  project  will  be 
continued,  and  hopefully  may  be  expanded  to  serve  similar  needs  of 
virologists  at  WRAIR. 

A  recent,  publication  by  Darla. id  described  the  isolation  of  a 
thermophilic,  acidophilic,  "mycoplasma- like"  organism  from  a  burning 
coal  refuse  pile.  Because  of  the  possible  presence  of  viable 
thermophilic  organisms  in  laboratory  water  baths,  incubators,  and 
heated  biological  material,  recognition  of  and  familiarity  with  such 
organisms  was  deemed  valuable  to  the  ATCC  and  WRAIR.  Therefore, 
studies  on  the  appearance,  biological  properties,  and  optimal  methods 
for  the  preservation  by  f reeze-drying  on  one  such  strain ,  Thenaoplasma 
ac. idophilum,  were  undertaken. 

The  descriptions  of  the  original  investigators  on  the  shape  and 

of  the  cells  were  confirmed  in  this  laboratory  by  phase  contrast 
examination  of  wet  mounts  of  broch  cultures  ana  b4-'  Dienes  stained 
preparations  of  the  organism  on  agar  blocks.  The.  colls  appeared  as 
vacuolated  round  bodies,  coccoid  Louies,  ring  forms,  lysed  phase-pale 
bodies,  and  an  occasiona1  filamentous  forr  The  size  of  the  round 
forms  varied  frcri  0.2  to  3.0  urn  in  diameter  and.  filamentous  forms 
measured  4  to  10  pm  in  length. 


The  reported  growth  requirements  of  IT.  acidophilum  were  also 
confirmed.  The  strain  was  cultivated  in  a  simple,  serum-free  broth 
at  a  pH  of  2. 0-3.0  and  was  incubated  in  a  water  bath  at  a  temperature 
of  55-60°C.  Growth  was  determined  by  opacity  of  the  broth  which 
occurred  after  1-7  days  of  incubation.  The  organisms  were  still 
viable  after  19  days  of  incubation. 

Attempts  to  cultivate  colonies  on  a  solid  medium  had  been  thwarted 
by  the  need  for  a  medium  that  would  remain  solid  at  60°C  and  at  a  pH  of 
2.0  to  3.0.  Sporadic  colony  formation  has  been  reported  by  the 
original  investigators  on  a  medium  suggested  by  our  laboratory 
consisting  of  Darland's  broth  containing  a  final  concentration  of 
1.2  percent  Oxoid  Ionagar  No.  2  and  with  a  final  pH  of  2.3. 

Methods  for  demonstrating  purity  of  these  unusual  thermophilic, 
acidophilic  cultures  have  also  been  developed.  The  usual  media 
(thioglycollate  broth  containing  horse  serum  and  sheep  blood  agax) 
employed  to  test  for  contamination  in  cultures  of  bacteria  of  medical 
importance  are  unsuitable  for  thermophilic  organisms.  Instead  specific 
media  for  isolation  of  soil  organisms,  nutrient  media,  and  T-strain 
mycoplasma  media,  covering  a  pH  range  of  2. 0-7. 8  and  a  temperature 
range  of  37-60°C  were  employed  to  test  for  contaminating  bacteria.  The 
Thermoplasma  strain  did  not  survive  in  these  media  nor  were  any  other 
organisms  isolated. 

This  laboratory  recommended  to  the  original  investigators  various 
combinations  of  suspending  media  and  various  freeze-drying  methods 
used  by  ATCC.  Good  preservation  by  both  laboratories  has  been 
obtained  by  using  a  suspending  medium  of  12%  (w/v)  sucrose  in  double 
strength  skim  milk  and  the  "batch"  method  of  freeze-drying.  A  sample 
of  the  ATCC  freeze-dried  matarial  tested  for  viability  after  storage 
at  room  temperature  for  one  week  resulted  in  growth  of  at  least  1x10^ 
organisms  per  ml  by  the  tube  dilution  method. 

c.  Taxonomy  of  the  class  Moll icutes . 


The  constantly  expanding  activity  in  the  field  of 
mycoplasmology  necessitates  a  continual  up-dating  of  the  taxonomy  of 
the  class  Mollicutes  and  a  frequent  reevaluation  of  the  minimum 
standards  for  the  valid  description  of  new  species.  The  tables  that 
follow  summarize  the  current  thinking  on  these  subjects. 

As  shown  in  Table  24,  the  class  Mollicutes  still  contains  a 
single  order,  Mycoplasmatales ,  defined  in  terms  of  morphologic 
characters,  including  structure  of  the  outer  covering  and  size  and 
shape  of  the  cells.  There  are  two  families  defined  in  terms  of 
physiologic  requirements,  the  s terol-requiring  Mycoplasmataceae ,  and 
the  sterol  nonrequiring  Achoieplasmataceae .  There  are  now  three 
genera,  Mycoplasma ,  Ac  ho  le.pl  a  sma  and  Thermoplasma  defined,  for  all 
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practical  purposes,  in  terras  of  the  same  physiologic  requirements  used 
to  distinguish  families.  This  is  inadequate,  and  the  inclusion  of 
certain  genetic  criteria  is  indicated  for  determining  generic 
constitution.  Genetic  characters  such  as  genome  size  and  G+C  ratio, 
would  have  very  real  value  for  excluding  inappropriate  members  from  a 
genus.  There  are  approximately  4U  species  recognized  at  present; 
these  can  be  differentiated  on  the  basis  of  biochemical  activities 
such  as  formation  of  metabolic  produce  and  use  of  respiratory  path¬ 
ways  and  enzyme  systems.  Several  subspecies  are  presently  recognized 
by  their  differences  in  chemical  composition.  At  the  infrasubspecific 
level,  beneath  the  taxonomic  level  regulated  by  the  Bacteriological 
Code,  are  the  serotypes. 

When  an  investigator  discovers  what  he  believes  to  be  a  new 
species  of  Molllcutes,  and  when  he  wishes  to  propose  a  new  name,  it 
is  his  obligation  to  provide  adequate  evidence  that  his  organism  is 
lndead  distinct  from  all  known  species.  For  thi9  purpose  the  Sub¬ 
committee  on  the  Taxonomy  of  Mycoplasmatales  has  been  preparing  the 
specifications  or  Minimum  standards”  for  the  description  of  new  species 
and  makes  the  recommendations  that  follow.  As  shown  in  Table  25,  there 
should  be  a  preliminary  clonin  of  the  strain  by  filtration  of  a  broth 
culture  through  a  0.22  um  pore  diameter  membrane  filter  (or  the  smallest 
pore  size  the  organism  will  pass).  Then  there  should  he  aerial  dilution 
of  the  filtrate,  plating  of  the  dilutions,  and  cloning  for  colonies. 

The  clones  should  be  cultivated  in  broth,  and  the  whole  procedure 
repeated  two  more  times.  At  least  two  separate  clones  should  ba 
examined  in  the  subsequent  tests. 

To  establish  that  the  proposed  new  species  belongs  to  the  order 
Mycoplasmatales,  it  is  necessary  to  show  by  electron  microscopy  that 
tha  organism  lacks  a  rigid  cell  wall  and  that  it  is  bounded  by  a  single 
triple-layered  membrane.  As  a  consequence  of  the  lack  of  a  cell  vail, 
thare  are  other  features  demonstrable  by  routine  techniques.  Thus,  it 
must  bt  shown  that  the  organism  is  gram-negative,  forma  the  distinctive 
"cored"  colonies  on  agar,  and  does  not  revert  to  a  walled  bacterium 
during  five  successive  passages  in  the  absence  of  penicillin,  when 
examined  macroscoplcally  and  microscopically. 

By  phase  contrast  or  darkfield  microscopy,  the  cells  must  appear 
as  coccoid  bodies,  ring  forms,  or  filaments  some  of  which  may  branch. 

The  cell  size  must  be  estimated,  and  at  least  some  cells  should  pass 
a  0.45  um  pore  diameter  membrane  filter.  Some  species  may  be  motile, 
but  tests  for  motility  are  optional  at  present. 

To  establish  the  family  (Table  26)  to  which  the  proposed  new 
species  belongs,  dependence  of  the  organism  on  sterol  must  be 
determined.  It  is  not  sufficient  to  test  for  growth  in  serum-free 
media,  because  false  positive  and  false  negative  results  may  occur. 
Therefore,  specific  methods  employing  cholesterol.  Tween  80  and 


Table  25.  Minimum  standards  for  description  of  new  species  of 
Molllcutes. 


Morphologic  Features  used  to  Circumscribe 
Order  Mycoplaamatales 

Preliminary: 

A.  Filtration,  dulutlon,  plating,  cloning  of  colonies. 

(Procedure  repeated  3  times) 

B.  At  least  two  clones  examined  in  all  subsequent  tests. 

Minimum  required: 

A.  Structure  of  outer  covering. 

1.  Absence  of  rigid  cell  vail. 

2.  Presence  of  single  triple-layered  membrane. 

a.  Gram  negative. 

b.  Colonial  "down-growth"  into  agar. 

c.  Absence  of  reversion  to  wall-containing  organism. 

B.  Shape  of  cells. 

1.  Coccold  bodies,  ring  forms,  filaments,  some  branching. 

C.  Size  of  cells. 

1.  Less  than  0.5  ym,  greater  than  0.1  ym. 

a.  Filterable  through  membranes  of  0.45-0.22  ym  pore  size. 

Optional: 

D.  Motility 
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and  albumin  supplements,  as  described  by  Tully  and  Razin  (1969)  and 
Razin  and  Tully  (1970),  should  be  used.  The  optional  characters  may 
soon  become  mandatory  since  new  thermophilic,  acidophilic,  or  strictly 
anaerobic  organisms  have  recently  been  described. 


Table  26.  Minimum  standards  for  description  of  new  spiles 
of  Mollicutes. 


Physiologic  Requirements  used  to  Circumscribe 
Family  Mycoplasmataceae  or  Acholeplasmataceae 


Minimum  required 

Optional 

A.  Special  growth  factors. 

B. 

Factors  inhibiting  growth. 

1.  Sterol.* 

C. 

Temperature. 

a.  Fatty  acids. 

D. 

pH. 

E. 

Atmospheric  conditions. 

By  methods  of: 

Tully  &  Razin,  1969 
Razin  6  Tully,  1970 


As  long  as  there  was  only  one  genus  in  each  of  the  two  families, 
there  was  no  need  to  define  specific  criteria  for  genera.  Nov  that  a 
new  genus,  Thermoplasma,  has  appeared,  and  various  proposals  for 
splitting  the  genus  Mycoplasma  have  been  made,  the  Subcommittee  will 
have  to  reconsider  the  criteria  to  be  required  for  generic  classifi¬ 
cation  (Table  27).  It  is  here  that  genetic  criteria  could  be  most 
helpful. 

To  determine  that  a  proposed  species  is  new  and  distinct  from 
existing  species  (Table  28),  the  following  tests  are  required: 
hydrolysis  of  urea  and  arginine,  acid  from  glucose  and  whether  by 
oxidative  or  fermentative  attack  (0-F  test),  and  production  of 
ccrotenolds.  Although  optional  at  present,  other  activities,  many 
of  which  will  probably  appear  in  the  new  Bergey *8  Manual  classifi¬ 
cation.,  are  quite  useful  for  differentiating  species.  These  are 
acid  froc  mannose  and  other  carbohydrates,  aesculln  hydrclyls, 
phosphatase  activity,  film  and  spot  production  on  selected  media, 
digestion  of  coagulated  horse  serum,  gelatin  and  casein,  tetrazolium 
reduction,  hemolysis  and  adsorption  of  specified  erythrocytes.  On 
the  basis  of  all  the  foregoing  characters  a  dichotomous  key  to  the 
class  Mollicutes  with  accompanying  chart  of  characteristics  of  species 
has  been  prepared  for  use  until  a  new  edition  of  Bergey fs  Manual 
providing  such  information  becomes  available. 
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506 


Table  27.  Minimum  standards  for  description  of  new  species  of 
Molllcutes. 


Physiologic  and  Genetic  Factors  used  to  Circumscribe 
genus  Mycoplasma,  Acholeplasma,  and  Tl.ermoplasnia 


Minimum  required 

Optional 

A.  Physiologic  (as  for  family) 

B  Physiologic  (as  for  family). 

1.  Growth  factors  required. 

i. 

Growth  inhibitors . 

n 

4.  . 

Temperature . 

3. 

pH. 

4. 

Atmospheric  conditions. 

C.  r.e 

r.etic 

5. 

Genome  size. 

6. 

G+G  content  of  DNA. 

Table  28.  Minimum  standards  for  description  of  new  species  of  Molllcutes. 


Biochemical 

Activities  used  to  Circumscribe 

Species 

Minimum  required 

Optional 

A. 

Urea  hydrolysis. 

F. 

Acid  from  mannose. 

B. 

Arginine  hydrolysis. 

G  • 

Acid  from  other  carbohydrates. 

C. 

Acid  from  glucose. 

H. 

Aesculin  hydrolysis. 

D. 

0-F  test  (glucose). 

I. 

Phosphatase  activity. 

E. 

Carotenoid  production. 

J. 

Film  and  spot  production 
on  horse  serum  and  egg  yolk  media. 

K. 

Proteolysis  cf  coagulated  horse  serum, 
casein,  and  gelatin. 

L. 

Tetrazolium  reduction 
aerobically  and  anaerobically. 

M. 

Hemolysis  cf  sheep  and  guinea  pig  RBC. 

N. 

Adsorption  of  guinea  pig  RBC. 
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Finer  distinctions  at  the  subspecies  level  are  optional  at  present, 
and  are  based  on  more  complicated  tests,  polyacrylamide  gel  patterns 
and  nucleic  acid  homologies  (Table  29). 


Table  29.  Minimum  standards  for  description  of  new  species  of 


Molllcutes . 

Chemical  Composition  used  to  Circumscribe  Subspecies 

Minimum  required 

Optional 

A. 

B. 

Electrophoretic  patterns  of  cell  proteins. 

Nucleic  acid  homologies. 

Whereas  immunologic  characters  are  too  specific  to  be  of  use  In 
clesslfylng  organisms  Into  groups  that  constitute  the  higher  taxonomic 
ranks  covered  by  the  Bacteriological  Code,  immunologic  characters  are 
lndlspenslble  for  identification  of  Individual  organisms.  As  shown  In 
Table  30,  the  minimum  standards  require  serologic  comparison,  if  not 
with  all  species,  at  least  with  all  species  that  have  the  same  habit St 
and  biological  characters.  To  do  this  at  least  two  serologic  tests 
must  be  used,  one  with  high  specificity  and  high  sensitivity,  'such  as 
growth  inhibition,  and  another  with  broader  specificity  and  lesser 
sensitivity,  such  as  complement  fixation. 


Table  30.  Minimum  standards  for  description  of  new  species  of 


Molllcutes. 

Tests  for  Antigenic  Relatedness 

used 

to  Circumscribe  Serotype 

Minimum  required 

Optional 

A. 

Growth  inhibition 
or  metabolic  inhibition. 

D. 

Fluroescent  antibody 
(direct  or  indirect). 

B. 

Complement  fixation  or 
double  Immunodiffusion. 

E. 

Agglutination 
(direct  or  indirect). 

C. 

Comparison  vrlth  all  named 
species  having  same 
habitat  and  same 
biological  characters. 

F. 

Comparison  with  all  names 
species  in  Mycoplasmatales. 

* 
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These  guidelines,  with  modifications  as  needed,  should  prevent 
the  proposal  of  nav  species  names  for  nav  Isolates  thac  are,  In  fact, 
members  of  taxonomlcally  recognized  species. 
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23.  (U)  Biological  characteristics  of  zoonotic  agents  of  diseases  of  real  or  potential 
military  importance  are  studied  to  develop  more  suitable  di.ignos  ic  procedures,  tresc- 
ment  and  control  measures.  Current  studies  are  in  leptosp j  rosi.-  and  me  1  «o.\  osis . 

24.  (U)  Conventional  microbiological  and  chemical  technics  m  used  Mew  procedures 

are  developed  at  needed. 

25.  (U)  70  07  -  71  06  Genetic  heterogeneity  within  and  between  pathogenic  aid  sapro¬ 
phytic  leptoaplras  was  further  defined  by  DNA  annealing  tests.  Ii  was  demonstrated  that 
•alt  concent  rat  Iona  In  the  annealing  milieu  can  affect  relative  binding  among  DNA 1 s  of 
partial  homology.  This  finding  has  significance  for  utilization  oi  annealing  technics 
with  other  organisms,  and  also  served  to  bring  out  1  different  »\pe:  of  DNA  in  select 
strains  of  Leptospira  -  a  possible  reflection  of  occurrence  ot  pha?e,  cptscxncj,  or  other 
extrachromosomal  nucleic  acid*.  The  genetic  disclosures  may  be  relevant  to  rross- 
irarauno  log  leal  relationships  and  pathogenicity  ot  strains,  berolog.cal  tests  conducted 
on  human  and  animal  sera  submitted  by  NAMRU  3  indicate  that  endemic  foci  oi  lepto¬ 
spirosis  occur  In  Egypt.  The  practicability  of  maintaining  the  viability  and  virulence 
of  leprosplran  by  storage  in  liquid  nitrogen  refrigerators  has  bur  now  demonstrated 
over  a  5  year  observation  period .  New  to6f  -  lfcpte.splr.il  serotype  nave  hern  estab¬ 
lished  from  teat  finning*  on  specimens  submitted  fron  different  par;*  oi  the  world. 

For  technical  report,  see  Walter  Reed  Army  Institute  oi  Research  Annua  1  Progress  Report, 
1  Jul  70-30  Jun  71. 
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Investigators. 

Principal:  A.  D.  Alexander,  Ph.D. 

Associate:  M.  Rogul,  Ph.D.,  L.  Evans,  B.S.,  J.  Brendle,  B.S. 
Description. 

Studies  are  conducted  on  basic  biological  characteristics 
(e.g.,  strain  differences  in  genetic,  chemical,  physical  and  serologic 
properties,  disease  and  immunity  mechanisms)  which  bear  on  development 
of  suitable  diagnostic,  treatment  and  control  measures.  Current  efforts 
are  on  agents  of  leptospirosis. 

Progress. 

1.  Genetic  Characteristics  of  Leptospira. 

In  previous  studies  (Annual  Report  1969-1970,  ref.  1)  leptospiras 
within  and  between  the  pathogenic  and  saprophytic  "complexes"  could 
be  separated  into  distinct  genetic  groups  on  the  basis  of  DNA  compo¬ 
sition  and  annealing  tests.  The  genetic  grouping  appeared  to  be 
related  to  cross -immunity,  pathogenicity  and  other  biological  charac¬ 
teristics  of  leptospiras.  Additional  studies  were  done  to  clarify  the 
"partial"  genetic  relatedness  observed  within  groups  of  both  pathogenic 
and  saprophytic  complexes.  When  the  results  of  agar  column  studies 
which  were  performed  in  2  X  SSC  (SSC=0.15M  NaCl  and  0.015M  Na  citrate) 
were  compared  with  the  results  from  filter  annealing  tests  (3  and 
6  X  SSC)  it  appeared  that  comparatively  more  DNA  annealed  with  an 
increase  in  salt  concentration.  Tests  were  performed  to  determine 
whether  this  was  caused  by  increased  retention  of  the  DNA  on  the 
filters  or  if  the  increase  was  directly  related  to  the  effect  of  salt 
on  DNA  annealing,  secondly  whether  increases  in  DNA  annealing  were 
linear  and  thirdly  to  determine  the  characteristics  of  the  additional 
DNA  annealed. 

The  annealing  of  homologous  DNA  from  pathogenic  reference  strain 
of  bataviae  was  perofrmed  in  2,  3  and  6  X  SSC  at  60,  65  and  70C. 

Figure  1  shows  that  65C  is  the  incubation  temperature  of  choice.  At 
this  temperature  the  temperature  midpoints  (Tm)  and  total  amounts  of 
DNA  considered  to  be  specifically  annealed  were  at  their  highest 
estimation.  This  incubation  temperature  was  used  for  the  rest  of  the 
study.  This  figure  and  TAble  i  show  that  high  salt  concentration  does 
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increase  the  total  amount  of  DNA  annealed.  that  tir'i  i  NA  ha::  t:c  have 
some  generic  specificity  in  common  with  the  reference  x.-NA  (Proteus 
mirabilis  DNA  does  not)  and  that  the  high  salt  concentration  obviously 
increases  the  binding  of  a  species  of  DNA  tn.it  is  characterized  by 
low  thermal  elution.  Therefore  it  was  shown  that  high  salt  concentration 
actually  increased  DNA  annealing  rather  than  a  special  effect  of 
membrane  filters.  The  comparative  annealing  was  not  linear. 

The  identity  of  the  lower  peak  was  unknown  to  us.  It  was  hypo¬ 
thesized  that  it  might  be  an  artifact  of  our  assay  method,  such  as 
an  accumulation  of  DNA  that  would  have  eluted  at  lower  temperatures 
without  the  peaking  effect.  Perhaps  these  were  small  DNA  fragments  or 
some  other  kind  of  low  stability  binding  capacity,  such  as  high 
concentrations  of  adenine  and  thymine.  There  is  the  possibility 
of  a  phage  or  episome  being  demonstrated  or  a  phylogenetic  divergence 
of  bases  which  is  best  demonstrated  at  high  salt  concentration. 

There  is  also  the  possibility  of  a  direct  effect  of  salt  on  the  DNA 
such  as  unfolding  or  hydration  which  allows  greater  interaction 
among  the  strands.  In  order  to  obviate  artifacts  of  the  agar  column 
annealing  technique,  elutions  of  DNA  from  bataviae*/ icterohoromorhageae 
(RGA)  (,v  =  radioactive,  sheared  and  denatured  DNA)  were  collected 
at  1  degree  intervals  starting  at  34C.  The  initial  DNA  elutions 
occurred  at  420  in  2  X  SSC,  40C  in  3  X  SSC  and  37C  in  6  X  SSC.  This 
suggested  that  thermally  labile  bonds  might  be  involved  but  since 
the  shapes  of  the  elution  profile  peaked  &  the  same  points  it  was 
assumed  that  adenine- thymine  bonds  had  a  minimal  involvement.  In 
this  annealing  of  two  strains  which  are  serologically  heterologous, 
yet  apparently  very  similar  genetically , the  lower  peak  was  still 
present.  If  this  is  a  phage  or  episome,  it  is  contained  in  both  strains. 

The  annealing  of  DNA  from  heterologous  strains  did  not  increase 
our  understanding  of  the  lower  peak.  When  radioactive  bataviae* 
fragments  were  reacted  with  DNA  from  strains  javanica  ana  biflexa  (CDC) 

(2  different  genetic  groups)  only  relatively  heat  labile  peaks  were 
demonstrable  (Fig.  2).  Their  relatedness  to  the  thermolabile  bataviae 
peak  has  not  been  investigated  as  yet.  Even  though  the  total  "specific" 
counts  retained  increased  with  high  salt  concentration ,  the  Tm's  at 
each  concentration  remained  about  the  same.  This  suggested  that 
either  more  potentially  active  DNA  was  made  available  for*  the  reaction 
or  else  our  estimation  of  Tin's  is  not  accurate  enough  to  reflect  the 
differences  involved . 

When  the  biflexa  group  strain  patoc  DNA  was  investigate.]  there 
was  little  if  any  thermolabile  DNA  demonstrated  in  the  homologous 
annealing  reaction  (Fig.  3),  We  therefore  concluded  that  the  bataviae 
strain  has  at  least  two  species  of  DNA  within  e ich  cell.  Figure  3 
also  showed  that  the  amount  of  relatively  thermostable  DNA  Increased 
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with  increased  salt  concentration.  The  Tmfs  remained  about  the 
same.  In  the  heterologous  reaction  of  patoc*/CDC  the  Tm's  were 
quite  similar  at  each  salt  concentration,  but  the  relative  homologies 
definitely  increased.  Figure  4  depicts  an  expanded  thermal  elution 
of  patoc*/CDC.  It  is  obvious  that  a  specific  reaction  of  low  thermal 
stability  occurred.  As  in  the  homologous  bataviae*/bataviae  profile, 
elutions  at  low  temperatures  showed  a  slight  increase  in  the  formation 
of  low  heat  stable  structures  d:  high  salt  concentrations.  However, 
it  is  obvious  that  overall  DNA  reactions  were  increased. 

Our  genetic  grouping  of  the  leptospiras  is  still  the  same  as 
that  reported  in  the  previous  annual  report. 

2.  Preservation  of  Leptospiras. 

Observations  on  the  effect  of  storage  in  a  liquid  nitrogen 
refrigerator  on  the  viability  and  virulence  of  leptospiras  were 
projected  for  a  5  year  observation  period.  These  studies,  now 
completed,  were  initiated  to  find  a  more  economical  and  less  time 
consuming  method  to  maintain  the  large  number  of  leptospiral  serotype 
strains  needed  for  operation  of  a  leptospirosis  reference  laboratory • 
Heretofore,  several  hundred  stock  cultures  were  labouriously  maintained 
by  periodic  transfers  at  3  to  6  month  intervals. 

The  preparation  studied  was  an  eight-day-old  culture  of  serotype 
canicola,  strain  Moulton,  to  which  glycerol  was  added  to  final  10% 
concentration.  The  preparation  was  distributed  in  "cryules"  then 
rapidly  frozen  to  -130C  at  the  rate  of  60C  per  minute.  "Cryules” 
were  stored  in  the  vapor  portion  of  liquid  nitrogen  refrigerator. 

Tests  were  done  on  thawed,  pooled  cultures  from  12  "cryules."  The 
pooled  culture  was  serially  diluted  by  half-log  increments  with 
Stuart’s  basal  medium  to  lo~  .  Dilutions  were  inoculated  intra- 
peritoneally  each  into  10  weanling  hamsters  using  a  0.5  ml  dose. 

The  concentration  of  viable  organism  was  determined  by  direct  micro¬ 
scopic  counts  with  the  use  of  Petroff-Hauser  counting  chamber  and 
also  by  cultural  tests  in  Fletcher’s  medium.  A  summary  of 
findings  of  periodic  examinations  over  the  5  year  observation  period 
is  shown  (Table  2).  One  day  after  freezing  the  viability  and  virulence 
of  the  culture  decreased  1  to  2  logs  but  thereafter  over  5  years  of 
storage  there  were  no  further  changes.  The  differences  in  counts 
and  virulence  titers  at  various  test  times  may  be  attributable  to 
one  or  more  of  the  following  factors:  difference  in  relative  disease 
susceptibility  of  hamsters  used  at  different  times;  difference  in 
susceptibility  of  hamsters  used  at  different  times;  difference  in 
growth-promoting  properties  of  various  lots  of  media,  variations 
inherent  in  procedures  used  to  thaw  cultures,  operator  variations. 

Two  different  groups  of  leptospiral  cultures  kept  in  liquid 
nitrogen  refrigeration  were  examined  for  viability.  Strains  in  both 


groups  were  rapidly  frozen  in  vapor  portion  of  liouii  nitrogen  refrig¬ 
erator  and  10%  glycerol  was  used  as  the  crvoprotecti ve  agent.  The 
first  group  comprised  61  strains  which  w  re  grown  in  Stuart’s  medium 
and  had  been  stored  for  37  months  at  tin**  ‘xaminaMc- n.  rn«j  ampule 
was  opened  for  each  strain,  Leptospiras  were  recovered  from  53 
strains;  four  were  contaminated  and  4  were  nonviable.  The  nonviable 
strains  initially  had  poor  growth  when  processed.  The  second  group 
of  27  strains  were  grown  in  a  tween-80  albumin  medium  and  had  been 
frozen  approximately  1  month  previously.  All  except  ora  strain  were 
recovered.  The  exceptional  strain  was  contaminated. 

3 .  New  Serological  Leptospirosis  Finding. 

The  following  new  information  was  obtained  or  affirm ed  from 
tests  on  cultures  or  sera  submitted  from  various  parts  c*  the  world. 

1.  The  reactions  of  a  total  of  50  selected  leptospirosis  positive 
sera  from  human  beings,  livestock  arid  logs  :r  Egypt  were  affirmed  by 
conventional  microscop'.c  agglutination  tests.  The  sera  were  obtained 
by  NAMRU-3  in  Cairo  during  the  course  of  a  sero-epi  ier.o  logical  study. 
The  findings  affirmed  that  leptospirosis  is  enzootic  in  Egypt. 

2.  Two  strains  were  submitted  from  Razi  Institute,  Iran.  One 
isolated  from  Apodemus  sylvaticus  was  identified  to  oe  a  member 

of  the  hebdomadis  group;  the  second  was  a  gr ippotyphosa  serotype 
isolated  from  Mus  musculus . 

3.  Five  strains  recovered  from  human  patient  in  New  Zealand 
were  identified  to  be  members  of  the  hebdomadis  (2  strains)  bn llum 
(2  strains)  and  pornona  (1  strain)  groups. 

4.  A  strain  isolated  from  cattle  in  Tasmania  wa \  identified 
to  be  serotype  hard jo. 

5.  Serotype  icterohaemorrhagiae  was  identified  to  be  the 
etiologic  agent  of  a  case  of  human  leptospirosis  in  Ecuador. 

Summary  and  Conclusions. 

1.  Genetic  heterogenic.ity  within  and  becween  pathogenic  and 
saprophytic  leptospiras  was  further  defined  by  ON  A  annealing  tests. 

It  was  demonstrated  that  the  total  amounts  of  leptoepiral  DNA  strands 
which  annealed  to  each  other  increased  with  high  salt  concentration. 
This  is  especially  evident  with  certain  relatively  heat  labile 
homologous  DNA’s  and  in  heterologous  DNA  duplexes.  The  results 
indicated  that  strain  bat avlae  contained  at  least  two  species  of 
DNA,  whereas  strain  patoc  seems  to  have  only  one.  The  use  of  high 
salt  concentrations  during  DNA  annealing  and  the  resulting  profiles 
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magnify  homologies  that  are  small  but  real.  This  method  provides 
another  reasonable  approach  to  the  search  for  phage  and  episomes 
among  the  spirochetes. 

2.  It  has  now  been  demonstrated  that  the  viability  and  virulence 

of  stock  cultures  of  Leptospire  can  be  maintained  by  storage  in  liquid 
nitrogen  refrigerator.  This  would  obviate  the  need  for  laborious 
maintenance  of  cultures  by  regular  transfers. 

3.  Serologic  check  tests  have  served  to  affirm  the  existence  of 
enzootic  foci  of  leptospirosis  in  Egypt.  New  hcst-serotype  relation¬ 
ships  were  established  from  test  findings  on  specimens  submitted 
from  various  countries. 


Table  2 

Observations  over  a  5  year  period  on  the  viability  and  virulence 
of  a  culture  of  serotype  canicola  after  freezing 
and  storage  in  liquid  nitrogen  vapor 


Time  of  Examination  , 
fcfter  Freezing  and 
Storage 

Microscopic 
count  per  ml 

Viable 

Count 
per  ml  by 
Culture 

LD  50 
Hamsters 

LD* 

Hams  te  r  s 

^-treatment 
( control ) 

1.25  X  108'8 

107,8 

10-7-25 

10*7  • 5 

1  day 

7  0 

8.12  X  10',w 

IO6*1 

-5.9 

10 

10'6,5 

1  month 

7  0 

1.12  X  10',U 

106*° 

io-4-4 

io-6-0 

7  months 

1.14  X  107,0 

106-25 

io"5-3 

io-5-5 

1  year 

1.5  X  107‘° 

io4,6 

io-4-9 

-5.5 

10 

2  years 

2.0  X  107,0 

106-0 

io-6*25 

io’6-0 

4  years 

8.6  X  106*° 

105'9 

,o-5-7 

-6.0 

10 

5  years 

8.0  X  IQ6’0 

106*1 

io"6,0 

io-6*5 

•Lowest  dose  producing  death 


Elution  TtmptrotuPi,  C 


SSC  Concf ntrotion 


P9*ni3  lAldO  3OI 
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Associate:  Sanford  Berman,  PhD;  Patricia  L.  Altieri,  BS; 

Arthur  White,  PhD;  Doria  Dubois,  MS;  Albert 
Grof  f inger 

Description . 

This  work  unit  is  concerned  with  the  development  of 
manufacturing  methods  for  the  production  of  new  effective 
vaccines  for  military  use,  and  with  the  modification  of 
existing  biological  products  to  increase  effectiveness 
and  reduce  reactivity,  to  afford  greater  stability,  and 
to  minimize  logistic  requirements. 

Progress . 

1 .  Meningococcal  Polysaccharides. 

During  this  period  studies  have  been  carried  out 
on  the  development  of  pilot  scale  methods  for  the  prepa¬ 
ration  of  purified  high  molecular  weight  polysaccharides 
derived  from  Neisseria  meningi tides ,  group  B,  for  use  in 
the  immunization  of  man  against  meningococcal  meningitis. 

a.  A  lot  of  group  B  polysaccharide  vaccine  was 
prepared  from  an  eight  hour  culture  of  N.  meningitidis , 
strain  B-ll,  by  the  procedures  developed  in  this  labora- 
tory  for  the  preparation  of  groups  A  and  C  polysaccharide 
vaccines  (Annual  Report,  1969).  The  resulting  purified 

B  material  had  the  characteristics  of  the  group  B  poly¬ 
saccharide  previously  described  (1),  and  its  molecular 
weight  was  in  the  range  of  the  molecular  weights  of  the 
groups  A  and  C  polysaccharides  which  proved  tc  be  immuno¬ 
genic  in  man.  However,  unlike  the  A  and  C  preparations, 
the  group  B  product  failed  to  elicit  an  immunological 
response  in  humans . 

b.  Additional  studies  were  directed  towards  the 
preparation  of  higher  molecular  weight  forms  of  the  group 
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B  specific  polysaccharide,  on  the  assumption  that  the 
larger  molecular  species  are  immunogenic.  Close  exami¬ 
nation  of  the  characteristics  of  cultures  of  strain 
B-ll  in  the  modified  Watson  §  Scherp  medium  showed  that, 
as  the  incubation  time  was  extended  from  6  to  14  hours, 
the  yield  of  polysaccharide  increased  and  the  pH  of  the 
culture  dropped  from  6.3  to  5.15,  as  shown  in  Table  I. 

TABLE  I 


Effect  of  Incubation  Time  on  Final  pH  of  Culture 
and  Yield  of  Group  B  Polysaccharide 


Incubation  Time 
(Hours) _ 


Final  pH 
of  Culture 


Yield  of  Final 
Product  (mgs/liter) 


6  6.3  3.4 

8  5.5  11.5 

10  5.25  18.5 

12  5.15  33.5 

14  5.15  35.2 


Cultures  of  strain  B-ll  were  grown  in  15  liter 
volumes  of  modified  Watson  8  Scherp  medium  in  20  lifer 
carboys  on  a  reciprocal  shaker,  incubated  at  36°C. 

The  molecular  weights  of  the  purified  poly¬ 
saccharides  obtained  from  the  cultures  harvested  at  each 
of  the  designated  time  periods  were  determined  by  gel 
filtration  on  Sephadex  G-200.  In  each  instance,  the 
average  molecular  weight  was  greater  than  100,000,  the 
minimum  considered  to  be  acceptable  for  the  groups  A  and 
C  polysaccharides.  However,  as  the  incubation  time  in¬ 
creased  the  ratio  of  the  larger  molecular  weight  com¬ 
ponents  to  the  smaller  components  decreased.  Thus  there 
appeared  to  be  a  relationship  between  the  pH  of  the 
culture  and  the  amount  of  larger  molecular  weight  com¬ 
ponent  present  in  the  culture,  suggesting  that  exposure 
to  acid  conditions  results  in  the  degradation  of  the 
polysaccharide  molecule.  Consequently,  studies  were  - 
carried  out  on  methods  for  altering  the  pH  cycle  during 
the  growth  of  the  B-ll  culture. 

c.  Preliminary  studios  showed  that  increasing  the 
phosphate  content  of  the  medium  two-  and  four-fold  pre¬ 
vents  the  pH  of  the  culture  from  dropping  below  pH  6.0, 
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and  results  in  the  stabilization  of  the  pH  at  about  6.5 
after  14-16  hours  incubation.  Other  experiments  demon¬ 
strated  that  a  300%  increase  in  the  casamino  acids  concen¬ 
tration  and  an  80%  decrease  in  the  dextrose  concentration 
of  the  medium  resulted  in  a  rise  in  the  final  pH,  after 
16  hours  incubation,  to  7.8.  When  these  modified  media 
were  used  on  a  pilot-scale  level  (15  liters  of  medium  per 
20  liter  carboy),  the  following  results  were  obtained: 

TABLE  II 

Effect  of  Modified  Media  on  Final  pH  of  Culture  and  Yield 
of  Group  B  Polysaccharide  after  16  Hours  Incubation 

Final  pH  Yield  of  Final 


Medium 

of  Culture 

Procuct  (mgs/liter) 

2X 

Phosphate3 

6.5 

50 . 5 

4X 

Phosphate^ 

6 . 6 

25.5 

3X 

CA+0.2X  Dextrose0 

7.8 

11.6 

aPhosphate  content  of  medium  of  Watson  8  Scherp  increased 
2  fold. 

^Phosphate  content  of  medium  of  Watson  8  Scherp  increased 
4  fold. 

cCasamino  acids  content  of  medium  of  Watson  8  Scherp  in¬ 
creased  3  fold,  and  dextrose  content  decreased  to  1/5  of 
original  concentration. 

As  shown  in  Table  II,  cultivation  of  the  B-ll 
strain  of  N.  meningitidis  in  a  medium  with  an  increased 
phosphate  content,  or  with  an  increased  casamino  acids  and 
reduced  dextrose  content,  resulted  in  a  reversal  of  the 
usually  observed  pH  cycle  (Table  I).  In  addition,  marked 
differences  in  the  yield  of  purified  polysaccharide  were 
obtained,  with  significantly  reduced  yields  from  the  more 
alkaline  culture  fluids,  even  though  the  growth  of  the 
organism  was  enhanced  under  alkaline  conditions. 

Molecular  weights  of  the  purified  polysaccharides 
obtained  from  the  three  cultures  were  determined  by  gel 
filtration  on  Sephadex  G-200.  The  results  indicated  that 
the  average  molecular  weights  of  the  polysaccharides  pro¬ 
duced  in  the  2X  and  4X  phosphate  media  were  equivalent  to 
that  of  the  group  C  polysaccharide  which  proved  to  be 
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immunogenic  for  man,  and  the  average  molecular  weight  of 
the  polysaccharide  produced  in  the  3X  casamino  acids  - 
0.2X  dextrose  medium  was  significantly  larger.  According¬ 
ly,  each  of  these  purified  polysaccharide  preparations 
were  processed  to  vaccines  suitable  for  human  use.  How¬ 
ever,  they  also  failed  to  elicit  an  immunogenic  response. 

d.  Current  studies  are  directed  toward  the  develop¬ 
ment  of  new  methods  for  processing  the  group  B  material, 
and  examination  of  less  highly  purified  polysaccharide 
preparations.  It  is  postulated  that  the  B  polysaccharide 
may  require  an  additional  component,  which  is  removed  or 
destroyed  during  current  processing  procedures,  in  order 
to  manifest  immunogenici  ty. 

2 .  Viral  Antigens  and  Vaccines. 

Studies  on  modifications  of  usual  tissue  culture 
methods  for  the  production  of  viral  antigens  and  vaccines 
have  continued  during  this  period.  Previous  investigations, 
employing  Eastern  Equine  Encephalomyelitis  (EEE)  virus  in 
chick  embryo  fibroblast  cell  cultures  as  a  model  system, 
have  demonstrated  that  greater  yields  of  hemagglutinating 
(HA)  and  complement  fixing  (CF)  antigens  and  significantly 
more  potent  vaccines  were  obtained  when  the  EEE  virus  was 
grown  in  suspension  cultures  of  chick  embryo  cells  rather 
than  in  monolayers  in  stationary  or  roller  bottles  (Annual 
Report,  1970).  Consequently,  a  series  of  experiments 
were  carried  out  to  determine  whether  the  suspension 
culture  method  can  be  applied  to  other  arthropod-borne 
viruses  of  interest  to  the  military  for  the  production  of 
high  titered  infectious  virus  and  viral  antigens,  and  the 
preparation  of  potent  vaccines. 

a.  Suspension  cultures  of  primary  chick  embryo 
cells  (CEC)  were  infected  with  Chikungunya  (CHIK)  virus, 
strain  168,  at  a  multiplicity  of  10,  and  the  culture 
fluids  were  harvested  after  18  hours  incubation.  The 
results  of  titrations  on  the  culture  fluids  for  infectious 
virus,  HA  and  CF  activities  are  given  in  Table  III,  along 
with  the  results  of  titrations  of  fluids  from  infected 
monolayer  cultures  of  African  green  monkey  kidney  cells 
(GMKC) ,  the  culture  system  generally  used  for  cultivating 
CHIK  virus  (2) : 
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TABLE  III 


Comparison  of  Infectivity  Titers,  HA  and  CF  Titers  of  CHIK 
Virus  Strain  168  on  Chick  Embryo  Cell  Suspension 
Cultures  and  Green  Monkey  Kidney  Cell 
Monolayer  Cultures 


Cell  System 


Infectivity  HA 

Titer*  Titer 


CF 

Titer 


CEC  Suspension 
GMKC  Monolayer 


11.0  10,240  128 

7.0  64  8 


* 

Lo g 1 0  suckling-mouse  ICLDjq  per  ml. 

It  is  apparent  that  significantly  higher  yields 
of  infective  virus  and  HA  and  CF  antigens  are  obtai  led  in 
suspension  cultures  of  primary  chick  embryo  cells. 
Furthermore,  the  HA  and  CF  antigenic  activities  were 
stable  for  at  least  8  months  when  stored  at  4  C. 

b.  An  inactivated  CHIK  vaccine  was  prepared 
by  the  addition  of  formalin  to  the  culture  fluids  of  in¬ 
fected  chick  embryo  cell  suspension  cultures,  employing 
the  procedure  previously  used  in  this  laboratory  for  the 
preparation  of  inactivated  EEE  vaccine  of  tissue  culture 
origin  (3)  The  potency  of  this  experimental  vaccine 
was  compared  with  that  of  a  reference  CHIK  vaccine  pre¬ 
pared  from  virus  propagated  in  GMKC  (2).  The  results  are 
summarized  in  Table  IV. 
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TABLE  IV 


Comparison  of  Formalin-inactivated  CHIK  Vaccines  Prepared 
in  CEC  Suspension  Cultures  and  in  GMKC 
Monolayer  Cultures 


Preparation 

Vaccine 

Dilution 

F  sponse  to  Challenge 
Surv/Total 

EDS0 

(ml) 

CEC  Suspension 

1/3 

12/13 

1/9 

16/17 

0.044 

1/27 

7/14 

1/81 

0/14 

GMKC  Monolayer 

Undil . 

17/18 

1/3 

14/17 

0. 197 

1/9 

2/16 

* 

Calculated  by  the  method  of  Probit  Analysis;  Finney,  D.  J., 
1952.  Statistical  methods  in  biological  assay.  Hafner 
Pub  1 .  Co.  ,  N.  Y. 


These  results  show  that  the  vaccine  prepared 
from  virus  propagated  in  CEC  suspension  cultures  was 
approximately  4  times  as  potent  as  that  prepared  from  the 
virus  propagated  in  GMKC. 

Studies  on  the  serologic  responses  elicited  by 
these  2  vaccines  are  currently  in  progress. 


Fever , 


a.  In  earlier  studies  on  the  use  of  the  con¬ 
tinuous  flow  zonal  centrifuge  for  the  preparation  of 
purified  Q  fever  vaccines  (Annual  Reports,  1969,  1970), 
vaccines  were  prepared  from  a  supplemental  inactivated 
rickettsial  yolk  sac  membrane  suspension  that  had  been 
associated  with  a  former  project  (1963)  and  stored  at 
4  C  since  that  time.  With  this  aged  material,  one  part 
of  Genetron  was  sufficient  for  the  extraction  of  10  parts 
of  the  crude  yolk  sac  membrane  suspension,  yielding  an 
extract  which  was  satisfactory  for  passage  through  the 
orifices  of  the  continuous  flow  zonal  centrifuge.  When 
freshly  prepared  inactivated  yolk  sac  membrane  suspensions 
were  processed  in  this  manner,  howe.'er,  difficulty  was 
encountered  in  passing  the  extract  through  the  continuous 
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flow  zonal  rotor.  In  order  to  obtain  satisfactory  ex¬ 
tracts  it  was  found  necessary  to  increase  the  volume  of 
Genetron  used  to  2.5  parts  per  10  parts  of  yolk  sac 
membrane  suspension.  Studies  were  therefore  carried  out 
to  determine  the  effect  of  this  increased  Genetron 
requirement  on  the  yield  of  purified  rickettsial  antigen. 

b.  Five  liters  of  freshly  harvested  yolk  sac 
membrane  suspension,  containing  inac  vated  phase  2 
rickettsiae,  were  treated  with  Genetrv  (2.5  parts  per 
10  parts  suspension)  and  processed  through  the  density 
gradient  zonal  centrifuge.  Fractions  of  50  ml  each  were 
collected  and  the  sucrose  concentration,  density  and 
complement-fixing  activity  of  each  fraction  was  determined. 
As  in  previous  preparations,  the  bulk  of  the  antigen  was 
found  in  fractions  7  through  10,  corresponding  to 
densities  of  1.228  to  1.299.  These  fractions  were  pooled 
to  make  up  the  Genetron  zonal  vaccine.  The  product  was 
diluted  on  the  basis  of  antigenic  activity,  to  permit 
comparison  with  a  Genetron-zonal  vaccine  prepared  from 
the  aged  yolk  sac  suspension,  and  a  reference  (ether- 
extracted)  phase  2  vaccine.  The  results  of  chemical 
assays  on  these  vaccines  are  recorded  in  Table  V. 

TABLE  V 

Comparative  Assays  on  Vaccines  with  Equivalent 
Antigen  Content  (CF  Titer  *  8) 


Vaccine 

Nitrogen 

(mg/ml) 

Protein 

(mg/ml) 

Lipid 

(mg/ml) 

Genetron-Zonal 
(2.5  parts  Gen.) 

.011 

.063 

.055 

Genetron-Zonal 
(1  part  Gen.) 

.011 

.042 

.078 

Reference 
(Ether- extracted) 

.013 

.  187 

.560 

Both  Genetron- Zonal  vaccines  were  similar  in 
nitrogen,  protein  and  lipid  content,  indicating  that  the 
larger  volume  of  Genetron  used  in  the  extraction  of  the 
freshly  prepared  yolk  sac  membrane  suspension  did  not 
adversely  affect  the  product.  When  compared  with  the 
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ether-extracted  reference  vaccine,  the  Genetron-Zonal 
vaccine  is  significantly  lower  in  protein  and  lipid  con¬ 
tent  . 

c.  Additional  studies  have  demonstrated  that 
the  method  described  above  is  also  applicable  to  the  pre 
paration  of  a  purified  phase  1  Q  fever  vaccine  from 
freshly  harvested  yolk  sac  membrane  suspensions. 

4 .  Formalin  Inactivation  of  Bacterial  and  Viral 
Suspensions . 


a.  The  use  of  formalin  for  the  inactivation 
of  bacterial,  rickettsial  and  viral  suspensions  during 
the  preparation  of  vaccines  hps  been  a  common  procedure 
for  many  years.  The  presence  of  some  residual  free 
formalin  in  the  final  product  of  a  fluid  preparation, 
although  causing  a  slight  stinging  sensation  when  in¬ 
jected  into  the  tissues,  is  generally  considered  to  be 

an  advantage  because  of  its  preservative  action.  However, 
in  freeze-dried  biologicals,  the  presence  of  free  formalin 
during  the  freeze-drying  procedure  can  have  a  deleter¬ 
ious  effect  on  the  antigen(s).  Consequently,  it  has  been 
common  procedure  in  this  laboratory,  as  well  as  in  other 
biological  laboratories,  to  neutralize  the  free  formalin 
in  the  preparation  prior  to  freeze-drying.  This  is  • 
generally  accomplished  by  titrating  the  free  formalin 
content  of  the  preparation  by  the  NIH  method,  and  adding 
sufficient  sodium  bisulfite  to  just  neutralize  the 
formalin  present.  Since  one  mole  of  formaldehyde  combines 
chemically  with  one  mole  of  sodium  bisulfite,  the  amount 
of  bisulfite  required  for  neutralization  varies  linearly 
with  the  volume  and  concentration  of  formalin. 

b.  Addition  of  an  excess  of  bisulfite  is  un¬ 
desirable  because  of  toxic  effects.  Consequently,  the 
titration  of  free  formalin  must  be  accurately  performed 
immediately  prior  to  neutralization.  However,  in  the 
case  of  some  of  the  biological  materials  studied  in  this 
laboratory,  the  situation  appears  to  be  complicated  by 
the  reversible  combination  of  formaldehyde  with  some 
constituent  of  the  preparation.  The  results  obtained 
with  formalin-inactivated  Vibrio  cholerae ,  Inaba  sub¬ 
strain,  suspensions  are  given  in  Table  VI. 
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TABLE  VI 


Neutralization  of  Formalin  in  V.  cholerae 
(Inaba)  Suspensions 


Formalin 

Added 

%  Free  Formalin 
Before  Neutral.* 
(a) 

(by  Titration) 
After  Neutral  *  * 
(b) 

Total  % 
Formalin 
( a) + (b) 

0.1 

0.085 

0.025 

0.110 

m 

.  158 

.053 

.211 

HI 

.204 

.082 

.286 

★ 

Titration  performed  48  hours  after  addition  of  formalin. 
Titration  performed  after  sufficient  sodium  bisulfite 
added  to  completely  neutralize  the  free  formalin  content 
given  in  column  (a) . 

These  results  indicate  that,  when  sodium  bisul¬ 
fite  is  added  to  neutralize  all  of  the  free  formalin 
present,  some  or  all  of  the  bound  formalin  is  released 
and  becomes  available  as  free  formalin.  Therefore,  in 
this  suspension,  to  completely  neutralize  the  "free" 
formalin,  sufficient  bisulfite -must  be  added  to  neutralize 
all  of  the  formalin  originally  added. 

c.  Additional  studies  are  being  carried  out 
with  these  and  other  biological  suspensions  to  elucidate 
this  problem.  . 
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Peso  ri£t  ion. 

This  task  is  concerned  with  the  mechanisms  and  patterns  of  immune 
responses.  In  vitro  and  in  vlvc  methods  are  used  to  study  host  response 
to  antigens.  In  vitro  studies  involve  the  development,  improvement,  and 
evaluation  of  procedures  for  detection  of  host  antibodies.  The  studies 
also  entail  isolation,  purification  and  identification  of  antigens  by 
chemical  and  serological  methods.  In  vivo  studies  include:  (l)  inves¬ 
tigations  on  the  ability  of  antigens  to  stimulate  serologically 
detectable  antibodies,  (2)  cellular  level  immune  response  to  microbial 
infection,  and  (3)  production  of  specific  antisera  by  infection  and/or 
experimental  antigens  or  antigen  fractions.  Antigens  that  show  a  high 
level  of  serological  sensitivity  and  specificity  are  evaluated  for 
immunogenic! ty. 

Progress . 

1.  Soluble  antigen  fluorescent  antibody  (SAFA)  tests  for  sero- 
diagnosis  of  infectious  diseases.  Details  of  the  development  and  pro- 
gressive  technical  improvements  of  the  SAFA  technic  have  been  presented 
in  previous  reports  on  this  Work  Unit,  ltoe  procedure  continues  to  show 
considerable  promise  for  the  serodiagnosia  of  a  variety  of  infectious 
diseases.  Two  technical  improvements  were  introduced  during  the  present 
reporting  period.  One  was  increasing  the  fixation  period  for  the  M. 
tuberculosis  antigens  from  10  to  30  minutes,  .arid  the  other,  use  of" a 
BSA  control  for  each  serum  examined  for  M.  tuberculosis  antibodies.  The 
latter  proved  to  be  particularly  important  because  certain  sera,  for 
reasons  unknown  at  this  time,  showed  a  high  level  of  nonspecific  reac¬ 
tivity  with  the  BSA  control  disc.  Retrospective  analysis  of  these  sera 
revealed  that  this  nonspecific  reactivity  made  the  results  of  the  test 
equivocal.  Therefore  it  was  imperative  that  sera  with  these  properties 
be  identified  and  the  results  interpreted  accordingly. 

a.  Simian  tuberculosis.  The  need  for  a  reliable  immunodiagnostic 
test  for  early  detection  of  simian  tuberculosis  has  long  been  recognized. 
Results  of  initial  investigations  on  experimentally  infected  monkeys 
suggested  that  the  SAFA  procedure  using  antigens  derived  from  M. 
tuberculosis  might  fulfill  this  need  (see  previous  report  on  this  Work 
Unit).  It  was  observed  that  the  SAFA  test  was  superior  to  the  standard 
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tuberculin  teat  for  earl.,  detection  of  infection;  r  *■  n‘y  did  +he  SAFA 
test  show  greater  specificity,  it  c ■  nsis+err  ;y  became  react  . ve  earlier 
(14  -  74  days)  in  infection  than  did  the  tuberculin  reaction. 

In  these  studies,  the  experimentally  infected  animals  were  chal¬ 
lenged  with  a  large  number  of  organisms  (5C00  viable  tubercle  bacilli) 
to  assure  infection  and  permit  investigations  on  *he  mechanisms  of 
natural  transmission.  However,  the  incidence  of  transmission  ti  the 
cagemate  controls  was  exceedingly  low;  cross  infection  occurred  in  only 
4  of  the  control  animals.  This  suggested  tha*  airborne  transmission 
may  be  considerably  less  than  had  been  previ  ujIv  surmised.  It  was 
believed  that  the  unexpectedly  low  rate  of  transmission  in  these  studies 
was  due  primarily  to  the  design  and  scrupulous  cleaning  of  tr.e  cages, 
which  prevented  contamination  of  the  food  with  irine  and  feces  of  the 
infected  animals  that  regularly  shed  viable  tubercle  Lac  ill!  in  their 
excreta.  Nevertheless,  these  studies  did  not  provide  an  pp  -rtunity  to 
evaluate  the  diagnostic  tests  in  animals  receiving  a  minimum,  infective 
dose,  such  as  that  which  would  be  involved  in  most  naturally  acquired 
infections. 

This  deficiency  was  remedied  in  subsequent  studies  rn  monkeys 
challenged  with  intratracheally  administered  graded  doses,  ranging  in 
log  increments  from  5000  tc  5  viable  tubercle  bacilli.  Thus,  4  groups 
consisting  of  6  monkeys  each  were  inoculated  respectively  with  5000, 

500,  50,  and  5  viable  organisms.  Each  inoculated  men Key  had  a* cage- 
mate  control. 

These  latter  studies  have  just  been  concluded  and  wore  accomplished 
in  collaboration  with  investigators  in  the  Industrial  Health  and  Safety 
Directorate,  Fort  Detrick,  ana  the  Division  of  Veterinary  Medicine, 
WRAIR.  At  specified  intervals  following  administration  cf  the  inoculum, 
anterior-posterior  and  lateral  radiographs,  intrade max  tuberculin  tests 
performed  both  intrapalpebrally  and  on  the  abdomen,  gastric  lavages,  and 
SAFA  tests  using  5  M.  tuberculosis  antigens  ("A"  protein,  "C"  protein 
and  polysaccharide)  were  performed  on  each  inoculated  and  control  monkey 
Observations  were  made  at  weekly  intervals  during  the  first  4-week  post¬ 
exposure  period,  bi-weekly  for  the  succeeding  5  months,  and  at  monthly 
intervals  thereafter.  Complete  necropsies  were  performed  on  the  monkeys 
that  died  during  the  course  of  the  study,  and  4  hose  that  were 
sacrificed  at  the  conclusion  f  the  investigations  one  year  after 
initiation  of  the  study.  Regardless  of  whether  an  animal  expired  or  was 
sacrificed,  efforts  were  made  tc  demonstrate  the  presence  of  tubercle 
bacilli.  Representative  samples  of  tissues  were  triturated  and  cultured 
on  appropriate  media.  Other  portions  of  the  tissues  were  processed  for 
histopathologi cal  examination . 

It  is  noteworthy  that  all  >.f  the  ir.cculated  monkeys,  even  those 
receiving  only  b  viable  tubercle  bacilli,  became  nfected.  H  wever, 
the  most  striking  feature  of  the  stud;  vu\,  extremely  nmr  rate  of 
transmission  t-  the  eagerna4e  controls;  lo  jf  :  be  f  '-  emtro Is  became 
infected.  Since  it  was  postulated  .her  the  v  :i\tc  f  transmission 
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observed  in  the  earlier  study  was  due  in  part  to  the  regular  scrupulous 
cleaning  of  the  cages,  it  was  decided  to  test  this  hypothesis  in  the 
latter  study  by  cleaning  the  cages  at  monthly  rather  than  bi-weekly 
intervals.  Other  than  this,  the  procedures  for  the  care  and  handling  of 
the  animals  were  the  same  as  those  employed  in  the  previous  study.  The 
high  rate  of  transmission  that  occurred  in  the  latter  study  shows  that 
good  housekeeping  practices  are  an  essential  factor  in  controlling  out¬ 
breaks  of  tuberculosis  in  runhuman  primate  colonies. 

The  various  diagnostic  tests  employed  in  the  most  recent  study  were 
evaluated  in  terms  of  sensitivity  and  specificity.  The  results  are 
summarized  in  Table  1.  Sensitivity  denotes  the  ability  of  a  test  to 
detect  individuals  with  infection,  and  can  be  expressed  as  the  number 
of  infected  individuals  giving  positive  reactions  in  the  test,  divided 
by  the  total  number  infected,  and  multiplying  by  100.  Specificity,  on 
the  other  hand,  is  the  ability  of  the  test  to  classify  as  negative 
those  individuals  that  are  not  infected.  This  can  be  expressed  as  the 
number  of  noninfected  individuals  that  are  negative  in  the  test, 
divided  by  the  total  number  of  noninfected  subjects,  and  multiplying 
the  quotient  by  100.  A  total  of  48  monkeys  was  used  in  these  studies. 

Of  this  group,  4l  became  infected  either  by  artificial  inoculation  or  by 
exposure  to  an  inoculated  animal.  Seven  of  the  controls  remained  unin¬ 
fected.  In  each  case,  infection  was  confirmed  or  excluded  by  culture 
and  histopathologic  methods. 

The  SAFA  test  rated  very  high  with  respect  to  sensitivity  and 
specificity.  Its  sensitivity  was  95.1  $,  detecting  39  of  the  4l  infect¬ 
ed  monkeys.  Its  specificity  was  100$;  all  7  noninfected  animals  were 
non-reactive  in  the  test.  The  in trapalpebral  tuberculin  test  was  less 
effective  from  both  standpoints.  It  showed  a  sensitivity  of  75*6$, 
detecting  31  of  the  4l  infected  animals.  Additionally,  its  specificity 
was  very  low;  3  of  the  7  noninfected  animals  converted  during  the 
observation  period.  The  tuberculin  test  performed  on  the  abdomen  had 
the  lowest  sensitivity  of  all  of  the  diagnostic  procedures  employed 
(59.8$),  detecting  only  24  of  the  4l  infected  monkeys.  Its  specificity 
(85.7$)  was  somewhat  better  than  that  of  the  palpebral  tuberculin  test, 
but  still  was  less  than  that  observed  in  the  other  diagnostic  tests. 
X-rays  showed  a  sensitivity  of  95.1$  and  specificity  of  100$  whereas  the 
gastric  lavages  were  92.7$  sensitive  and  100$  specific. 

It  was  recognized  that  some  of  the  animals  included  in  the  group 
just  evaluated  received  an  unusually  heavy  challenge  (500-5000  viable 
organisms),  and  that  the  response  of  such  animals  could  be  different 
from  that  characteristic  of  naturally  acquired  infections.  This  could 
influence  the  overall  results.  Therefore,  a  similar  evaluation  was 
conducted  on  the  cagemate  controls  in  whom  the  infections  were  acquired 
by  exposure  to  an  experimentally  infected  animal.  These  results  are 
summarized  in  Table  2. 


Table  1 


Evaluation  of  Results  With  All  Monkeys  of  Study 
(Total  =  48;  Infected  =  4l;  Noninfected  =  7) 


SAFA 


Sensitivity  = 

95.lt 

(pos. 

39/41  infected) 

Specificity  = 

100# 

(neg. 

7/7  noninfected) 

IDP 

Sensitivity  = 

75.6$ 

(pos. 

3l/4l  infected) 

Specificity  = 

57.1# 

(neg. 

4/7  noninfected) 

IDA 

Sensitivity  = 

59-8# 

(pos. 

24/41  infected) 

Specificity  = 

85.7$ 

(neg. 

6/7  noninfected) 

£ 

■ray 

Sensitivity  = 

95.1# 

(pos. 

39/41  infected) 

Specificity  - 

100# 

(neg. 

7/7  noninfected) 

Gastric  Lavage 


Sensitivity 

Specificity 


92.7%  (pos.  38/41  infected) 
100#  (neg.  7/7  noninfected) 


Table  2 


Evaluation  of  Results  With'Cageraate  Controls 
(Total  =  24;  Infected  =  18;  Noninfected  =  6) 


SAFA 


Sensitivity  =  100$ 
Specificity  =  100$ 

(pos.  18/18  infected) 
(neg.  6/6  noninfected) 

IDP 

Sensitivity  =  88.9$ 
Specificity  =  50.0$ 

(pos.  l6/l8  infected) 
(neg.  3/6  noninfected) 

IDA 

Sensitivity  =  77.8$ 

Specificity  =  83.3$ 

/pos.  l4/l8  infected) 
(neg.  5/6  noninfected) 

X; 

ray 

Sensitivity  =  94.4%  fpos.  l?/l8  infected) 
Specificity  =  100$  (neg.  6/6  noninfected) 


Gastric  Lavage 

Sensitivity  =  88.9$  (pos.  l6/l8  infected) 
Specificity  =  100 $  (neg.  6/6  noninfected) 
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This  group  was  composed  of  A  tn*  i.Kcy:; ,  became  infected  &nd  ' 
remained  noninfocted.  Wit),  these  animal;;,  wit);  nn’ure.iy  acquired  injec¬ 
tions^  the  sensitivity  as  well  a  a  the  sn*.ci  fie  i  t,  f  t  j  <*•  UAFA  ten  war 
100$,  The  in  traps  Ipebrai  tuberculin  tesJ  showed  n  sensitivito  nl*  or»,  f!% 
but  again  its  specificity  waj  low,  uruy  ;>j$.  A  a  b»  rr the  set. a  i  t  i  v  5  X\ 
of  the  tuberculin  test  performed  on  the  abdomen  van  lever  (7V.il)  than 
that  exhibited  by  any  of  the  other  diagnostic  pr  eel  ires.  Ihw'  er,  its 
specificity  ( 85 * 3% )  again  was  better  than  tha4*  of  the  pa  p-tra..  4esi. 
X-rays  detected  all  but  1  of  the  infected  animals,  and  \(  f  *  t,e  !•' 

infected  monkeys  were  identified  by  gastric  lavage.  ;•  t)  j:  the  la4  ter 
procedures  showed  a  specificity  uf  10 0$. 

Thus  in  studies  to  date,  the  SAFA  test  has  sic  w.n  '  -r  si  in  rat  1  e 
promise  for  ;he  early  diagnosis  of  simian  tubercuL  sir..  It  is  mere 
sensitive  and  more  specific  than  the  conventional  intradcrmal  tuberculin 
tests  conducted  intrapalpebrally  or  on  the  abdomen,  art-1  is  at  i.cast  as 
good  as  serial  radiographs  or  gastric  lavages  f  r  doiee'lrv  nnirvjls  with 
active  disease.  Experience  thus  far  suggests  that  a  react ive  UAF’A  test 
is  highly  indicative  of  current  or  recent  active  tuoercui  sis.  Appar¬ 
ently,  sub-clinical  infections  do  not  elicit  production  of  dAEA-reacti ve 
antibodies,  at  least  to  detectable  levels.  Moreover,  ;r.  contrast  to  the 
tuberculin  test,  conversion  of  the  SAFA  test  in  the  absence  of  active 
disease  has  not  been  observed.  It  is  believed  that  incorporation  of  the 
SAFA  test  with  the  procedures  used  for  routine  screening  and  monitoring, 
and  the  application  of  more  rigid  housekeeping  standards  for  the  care  of 
the  animals,  could  appreciaoly  reduce  the  risks  of  serious  outbreaks  of 
tuberculosis  in  non-human  primate  colonies. 

The  practice  of  performing  SAFA  tests  for  tuberculosis  on  ali  non¬ 
human  primates  during  their  quarantine  period  at  the  WRAIR  has  been 
continued.  A  total  of  9^3  non-human  primate  sera  (9#^r>  monkeys,  5  chim¬ 
panzees,  and  10  baboons)  were  examined  during  this  rep.  period. 

All  of  the  chimpanzee  and  baboon  sera  were  n  nreactive  in  the  SAFA  tests. 
However,  5  of  the  monkeys  reacted  with  one  or  more  of  the  antigens 
employed.  Two  reacted  o.  1  v  with;  "A”  protein  antigen,  one  with  the 
polysaccharide,  and  two  with  both  antigens.  These  animals  were  immedi¬ 
ately  isolated  for  further  observation.  Repeated  i  ntrapa Lpebral 
tuberculin  tests  were  uniformly  negative,  but  all  of  the  monkeys  ulti¬ 
mately  expired.  One  of  the  animals  appeared  to  have  advanced  dissemi¬ 
nated  tuberculosis,  but  the  other  monkeys  showed  no  gross  evidence  of 
the  disease.  Unfortunately,  detailed  necropsies  were  not  performed. 
Therefore,  the  failure  to  observe  lesions  In  th^  latter  monkeys  does  net 
necessarily  mean  that  they  did  not  have  tuberculosis.  To  overcome  this 
deficiency  in  the  future,  provisions  are  being  made  tu  perform  detailed 
necropsies,  including  cultural  and  histopathologicai  examinations,  on  all 
animals  that  are  isolated  because  of  reactivity  in  either  the  UAFA  or 
tuberculin  tests.  Use  of  the  SAFA  test  for  routine  screening  and 
monitoring  for  tuberculosis  in  the  non-human  primate  colony  is  being 
continued. 
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b .  Human  tuberculosis.  In  view  of  the  encouraging  results  and 
apparent  potential  of  the  SAFA  test  for  detection  of  simian  tuberculosis, 
investigations  have  been  initiated  to  determine  the  value  of  the  proce¬ 
dure  for  the  serodiagnoui s  of  human  tuberculosis.  These  studies  are 
being  conducted  in  collaboration  with  investigators  from  the  Department 
of  Epidemiology,  WRAIR,  and  from  the  Tuberculosis  Service,  Fitzsimons 
General  Hospital.  The  major  objectives  of  these  investigations  are: 

1)  To  determine  the  sensitivity  and  specificity  of  the  SAFA  test  for  the 
diagnosis  of  human  tuberculosis;  2)  To  compare  the  SAFA  test  results 
with  those  obtained  by  other  diagnostic  technics  (e.£.  hypersensitivity, 
radiology,  cultures,  etc.);  and  3)  To  evaluate  the-SAFA  test  as  an 
indicator  of  therapeutic  response. 

Three  groups  of  patients  are  being  studied.  These  include: 

Group  I  -  Ail  patients  admitted  to  .the  Tuberculosis  Service  of 
Fitzsimons  General  Hospital  during  the  12-month  period.  Included  in 
this  group  will  be  skin  test  convertors  who  are  managed  as  outpatients. 
Patients  must  be  followed  for  a  minimum  of  6  consecutive  months  to  be 
included  in  the  final  evaluation.  Group  II  -  Patients  randomly  selected 
from  the  non-tuberculosis  chest  disease  service  at  the  Hospital. 

Group  III  -  All  persons  skin  tested  for  tuberculosis  in  the  Fitzsimons 
Immunization  Clinic  during  the  study  period. 

The  standard  clinical  evaluation  normally  performed  on  all  admis¬ 
sions  to  the  Tuberculosis  Service  will  provide  the  following  information 
on  patients  in  Group  I:  TBC  smear  and  culture,  X-ray  studies, -M.  tuber¬ 
culosis  and  fungal  skin  testing,  protein  and  immune  globulin  electro¬ 
phoresis,  and  fungal  CF  studies.  In  following  each  patient  in  this 
Group,  culture  results,  X-ray  findings,  extent  of  disease,  level  of 
clinical  activity,  and  chemotherapy  for  each  month  of  hospitalization 
will  be  recorded. 

For  patients  in  Group  II,  the  diagnostic  evaluations  will  include 
the  majority  of  studies  performed  on  the  individuals  in  Group  I.  Those 
in  whom  the  diagnosis  of  tuberculosis  is  made  will  be  admitted  to 
Group  I. 

For  Group  III,  histories  of  prior  slcin  testing,  type  of  skin  test 
currently  employed  (ITT,  Hax>Vac),  and  the  results  of  the  test  will  be 
recorded.  Similarly,  the  results  of  repeat  tests  in  those  found  to  be 
positive  will  be  recorded.  Convertors  will  be  admitted  to  Group  I. 

All  sera  collected  for  examination  in  the  SAFA  tests  will  be 
coded  and  stored  at  -60°C  until  tested.  Specimens  will  be  collected 
according  to  the  following  schedules: 

Group  I  -  An  admission  specimen  (pre-treatment)  will  be  obtained 
from  each  patient  and  at  monthly  intervals  thereafter,  for  a  maxi¬ 
mum  of  12  months.  Efforts  will  be  made  to  obtain  an  18-month 
specimen  from  the  patients  who  are  SAFA  positive  at  the  12-month 
period . 
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Group  i I  -  An  admissluri  an  1  discharge  spoi-huM.  w.  i  .»*.* 
from  each  putien1  in  this  Group. 

Group  III  -  A  specimen  wiLi  be  obtained  at  th.j  i  i:ne  the  skin  test, 
is  applied.  Additionally,  a  specimen  wiii.  be  cr  ll«v.,4ed  fenn  tnose 
individuals  not  skin  tested  because  of  a  histtr  f  prior  skin  tes* 
sensitivity . 

At  the  conclusion  of  the  studies,  the  lata  will  be  analyzed  as 
follows : 

1.  Analysis  will  be  made  to  determine  the  relative  sensitivity 
and  specificity  of  the  SAFA  tests,  tuberculin  tests  and  rad i ogruphs 
for  detection  of  human  tuberculosis. 

2.  Analysis  will  be  made  to  determine  which  of  the  employed 
diagnostic  tests  became  positive  easiest  in  the  '•nurse  of  the 
disease,  and  which  of  the  SAFA  antigens  was  super  i  or  for  earl., 
detection  and  for  monitoring  therapy. 

3.  By  analyzing  the  results  obtained  in  Groups  II  and  III,  deter¬ 

mine  the  incidence  and  magnitude  of  nonspecific  SAFA  reactions  in 
patients  with  non-tuberculous  pulmonary  disease  or  without  an, 
pulmonary  disease.  Some  of  these  individuals  obviously  will  be 
tuberculin  positive.  % 

4.  Determine  whether  there  is  a  correlation  of  the  SAFA  test  titers 
with  clinical  and  radiological  response  to  therapy  in  Group  I 
patients . 

To  complement  the  foregoing  investigations,  arrangements  have  been 
made  to  obtain  a  representative  number  of  sera  (at  least  SO)  fr  rn  non- 
tuberculous  patients  with  sarcoidosis.  These  sera  will  be  examined  in 
SAFA  tests  with  the  M.  tuberculosis  antigens  to  provide  addr  nal  infor¬ 
mation  concerning  the  specificity  of  the  serologic  procedures. 

The  data  obtained  in  these  investigations  will  be*  evaluated  and 
discussed  in  subsequent  reports  on  tnis  Work  Unit. 

c.  Echinococcosis .  Initial  studies  on  th»  suitability  of  the  SAFA 
procedure  for  the  serodiagnosis  of  echinoccor  s  in  sheep ,  dogs  .and 
humans  were  concluded  during  the  present  re^  *  ng  perioa.  These  inves¬ 
tigations  were  conducted  in  collaboration  v  Dr.  J.  F.  Williams, 

Centro  Panamericano  de  Zoonosis,  Ramos  Mt\  a,  Argentina.  Preliminary 
results  of  these  studies  were  summary  A  in  the  previous  report  on  this 
Work  Unit.  Hyda  d  fluid  from  the  3’  f  an  infected  sheep  served  as 
antigen  for  the  SAFA,  indirect  hema^^t  inat icn  (hU\)  and  Latex  aggluti¬ 
nation  (LA)  tests  performed  in  ovn  preliminary  studies.  None  of  the 
procedures  were  satisfactory  •  ;Ve  serodiagnosis  hyu^tid  disease  in 
sheep  because  of  a  high  lev#  \  nspecific  fl u  *>'•. sconce  inherent  in 
the  3AFA  teste,  an  1  tin  "  ar  e  ;mber  of*  nonspecific  reactions  obtained 
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with  the  IHA  and  LA  tests.  Moreover,  the  IHA  and  LA  tests  failed  to 
detect  antibodies  in  the  majority  of  experimentally  or  naturally  irfected 
dogs .  The  SAFA  tost,  however,  showed  some  promise  for  the  serodiagnosis 
of  canine  echinococcosis;  among  a  total  of  1.49  infected  dogs,  115  (7756) 
reacted  in  the  SAFA  test,  and  no  false  positive  reactions  were  observed 
in  any  of  the  parasite-free  inbred  beagles  that  were  tested.  This  high 
level  of  specificity,  however,  was  not  observed  in  tests  on  sera  from 
mongrel  street  dogs  residing  in  pounds  located  in  Buenos  Aires  or 
Washington,  D.C.  Although  these  latter  animals  did  not  harbor  any 
species  of  Echinococcus ,  they  were  infected  with  a  variety  of  other 
helminths  and  3W  reacted  in  the  SAFA  test  with  hydatid  fluid  antigen. 
The  SAFA  test  was  the  most  specific  of  the  immunodiagnostic  procedures 
evaluated  for  the  diagnosis  of  human  echinococcosis ;  no  false  positive 
reactions  were  observed.  However,  the  SAFA  test  was  somewhat  deficient 
in  sensitivity;  6l  %  of  the  infected .  individuals  reacted  in  the  SAFA  test 
whereas  73 1o  reacted  in  the  IHA,  8 faf,  in  the  LA,  and  in  the  immuno- 
electrophoresis  test.  The  IHA  and  LA  tests,  however,  showed  consider¬ 
able  nonspecific  reactivity  in  the  noninfected  controls. 

It  was  obvious  that  serodiagnos tic  tests  for  echinococcosis  nsqui red 
further  improvement.  This  was  particularly  true  with  regard  to  the 
serodiagnosis  of  ovine  and  canine  infections.  Gore,  et  alv^/  recently 
reported  that  antigens  extracted  from  scoleces  of  E.  granulosis  were 
superior  to  those  obtained  from  hydatid  fluids  for  detection  of  human 
hydatidosis.  The  present  studies  were  continued  to  determine  whether 
the  use  of  scolex  antigen  would  improve  tfce  specificity  and  sensitivity 
of  the  tests  for  nonhuman  echinococcosis,  particularly  ovine  and  canine 
infections.  Although  we  have  not  received  the  clinical  histories  on  all 
of  the  animals  studied,  it  was  apparent  that  the  scolex  antigen  was 
superior  to  the  hydatid  fluid  antigen  for  testing  sheep  and  dog  sera. 
SAFA  tests  with  the  scolex  antigen  showed  a  much  lower  level  of  non¬ 
specific  fluorescence,  gave  fewer  positive  reactions,  ana  missed  very 
few  experimentally  infected  animals  that  were  detected  with  the  less 
specific  hydatid  antigen. 

Shortly  after  the  conclusion  of  these  studies,  Dr.  Williams 
resigned  from  CEPANZO  to  accept  a  position  at  .the  Michigan  State  Univer¬ 
sity.  This  has  precluded  complete  analysis  of  results  of  the  necropsy 
and  parasitological  examinations.  However,  these  data  should  be  avail¬ 
able  in  the  near  future,  and  details  of  the  concluding  phase  of  these 
investigations  will  be  presented  in  the  following  report  on  this  Work 
Unit . 


2.  Serodiagnosis  of  American  trypanosomiasis  (Chagas*  disease). 

In  the  previous  report  on  this  Work  Unit,  it  was  noted  that  the  Depart¬ 
ment  of  Serology,  WRAIP,  was  participating  in  a  critical  evaluation  of 
Trypanosoma  cruzi  antigens  being  conducted  by  a  PAHO  Study  Group  or 
Chagas1  Disease  Antigens.  The  principal  objective  of  this  Study  Group 
was  to  select  a  standard  antigen  for  universal  use  in  the  serodiagnosis 
of  Chagas'  disease,  and  for  reference  in  evaluating  new  antigens  and 
methods.  Three  of  the  original  8  candidate  antigens  showed  excessive 
nonspecific  reactivity  In  tests  with  non-chagasie  sera  and  were 


* 
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eliminated  from  further  considera1  :»»i  a ;;  * r  •  ■ 
noteworthy  that  2  of  the  latter,  givirv  -  <** 

were  being  widely  employed  for  rojtin»:  :>  :  a 

strongly  advocated  by  a  number  of  influero  i a  ] 
America;  apparently  they  were  very  impressed  w 
obtained  with  these  antigens  and  had  convenion 
specificity  of  the  products.  It  is  believed  M 
deficiency  is  a  major  contribution  of  the*  Stu  i 
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During  the  present  reporting  per.nrt  tie  six  participat  r.y  ial  ora¬ 
tories  evaluated  the  remaining  >  candidate  antigens  for  sens  i  *  i  vity  in 
quantitative  tests  with  sera  from  documented  cases  of  Chagas*  disease. 
Critical  review  of  these  data  revealed  that  2  of*  the  antigens,  one  of 
which  was  the  purified  protein  antigen  submitted  i  Me  Department,  of 
Serology,  WRAIR,  were  superior  to  the  others.  The  Group  therefore 
recommended  that  these  two  antigens  be  m.  re  ex4 enrMvoL.y  evaluated  for 
nonspecific  reactivity,  specific  reactivity,  reproducibi li t;  ana 
stability.  New  lots  of  each  now  ore  being  prepared  for  this  purpose. 
Ultimately,  one  of  the  two  will  be  designated  M.e  Standard  Ant. i gen  and 
recommended  for  general  use  in  routine  serod  iagnosi  r. . 


3 .  Development  and  improvement  of  sero:  c-gie  methods  and  reagerf .  s  . 
Efforts  to  further  improve  serologic  methods  and  reagents  were  c^:r  rued 
during  the  present  reporting  period.  . 

a.  A  new  method  for  critical  evaluation  of  antigen  atabiiMy.  The 
conventional  method  for  evaluating  antigen  stability  is  to  periodically 
test  the  product  with  a  standard  reference  serum  and  observe  whether  the 
antibody  titer  decreases  during  storage  of  tne  antigen.  The  results 
obtained  by  this  method,  however,  often  are  obfuscate  an!  difficult  to 
interpret  because  of  the  titer  fluctuations  Mint  occur  a;  a  result  of 
the  varied  stability  of  complement  (C1)  m  tests  conducted  on  different 
days.  Therefore,  the  investigator  must  make  an  iniuirlvt  guess  con¬ 
cerning  whether  variations  observed  in  the  repeated  assays  are  signifi¬ 
cant. 


This  problem  can  be  eliminated  by  employing  Mbe  new  methodology 
developed  for  critical  evaluation  of  antigens,  "hose  methods  are  based 
on  the  linear  relationships  between  tr.e  amounts  of  immune  complexes 
formed  and  the  amounts  of  C'  fixed,  and  are  presented  in  detail  in  the 
previous  report  on  this  Work  Unit.  It  v*-  ntfted  In  the  earlier  report 
that  variations  of  reactivity  due  U  '*  ie  tori  oral  lor  can  be  eliminated 
by  expressing  the  results  in  terms  4  in  I  no  ex  of  Reactive  Capacity 
(l.R.C*)  of  the  antigen  in  question.  be  T.K.C.  is  the  ratio  of  the 
antigen  titer  and  the  serum  titer  (i.e.  T^/'Ty)  and  the  rationale  for 
its  use  is  given  in  the  previous  report.  The  efficacy  of  this  procedure 
for  evaluating  antigen  stability  is  illustrated  t.y  the  data  presented  in 
Table  3.  which  summarises  tne  results  of  peri  Mir  assays  on  a  T.  cruzi 
antiger  conducted  during  s  12-month  per:1  3  ■vuyu.  /m;  was  expected, 

the  numerical  values  of  the  antigen  and  s^ru  ,  *  1 1.  jl*  fluctuated  consid¬ 
erably  in  the  assays  conducted  on  different  day..  v:ver,  .he 
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Table  3 


Evaluation  of  Antigen  Stability 
in  Terras  of  Index  of  Specific  Reactivity  (i.R.C.) 


Time 

Months 

Serum  No. 

Antigen 
Lot  No. 

Complement 
Lot  No. 

Titers 

Antigen 

(ta) 

Serum 
(*B>  . 

I.R.C. 

(Titer  Ratio, 

VTS> 

0 

G  7856 

A 

F72 

4700 

114 

41.2 

2 

G  7856 

A 

F75 

4130 

100 

41.3 

4 

G  7856 

A 

F77 

4850 

118 

4l.  1 

6 

G  7856 

A 

F80 

5100 

123 

41.5 

8 

G  7856 

A 

F82 

4050 

98 

41.3 

10 

G  7856 

A 

F85 

3700 

00 

4l.l 

12 

G  7856 

A 

F86 

4500 

109 

41.3 
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antigen/serum  titer  ratios,  i,£,  the  I.R.C.  vuju r^uain^d  constant, 
indicating  that  the  specific  reactivity  of  th  '  ten  wen  rati  not  charmed 
during  the  period  ol*  storage  It  :  ]  noteworthy  tv.  this  methodology 
may  be  employed  with  any  antigen-antibody  system  t.v  fixes  corr.pl  .-'merit, 

b .  A  modified  complement  fixation  procedure  for  tesrs  on  d  sera . 
It  was  noted  in  the  previous  report  on  this  Work  Unit,  that  dig  sera 
frequently  became  ant  •-complementary  during  the  heat  inactivation  (56°C 
for  JO  min)  required  to  destroy  the  native  complement  .  This  problem 
was  overcome  by  decomplementing  the  sera  by  absorption  with  immune  com¬ 
plex  (sensitized  sheep  erythrocyte  stromata),  thus  avoiding  the 
requirement  for  heat  inactivation. 

Methods  developed  for  preparing  the  stromata  and  for  decomp  lament¬ 
ing  the  serum  were  presented  in  detail  in  the  earlier  report.  Further 
improvements  of  technic  were  introduced  during  the  present  reporting 
period.  The  first  innovation  was  designed  to  improve  the  efficacy  0/ 
the  decomplementation  procedure.  It  was  observed  fiat  shaking  the 
serum-sensitized  stromata  mixture  during  the  early  stages  of  absorption 
significantly  improved  the  effectiveness  of  decomplemeruation.  There¬ 
fore,  the  present  technic  for  decomplementation  consists  of  shaking  the 
mixture  on  a  mechanical  shaker  for  15  minutes  at  room  temperature,  and 
then  allowing  the  tubes  to  remain  at  room  temperature  for  an  additional 
45  minutes  without  shaking.  With  this  procedure,  residual  complement 
levels  rarely  are  sufficient  to  influence  the  results  of  the  diagnostic 
complement  fixation  tests;  to  date  we  have  encountered  only  one  absorbed 
serum  that  gave  greater  than  %  hemolysis  in  the  controls  for  detection 
of  residual  C  1 . 

The  other  technical  modification  pertained  to  improvement  of  the 
procedures  for  removing  the  sensitized  stromata  from  the  serum  following 
de complement at  ion.  During  the  course  of  continued  studies,  it  was  noted 
that  certain  fresh  sera  were  anticomplement  ary  following  absorption  with 
the  sensitized  stromata.  Since  these  sera  had  been  carefully  collected 
and  processed,  it  was  believed  that  this  probably  was  indicative  cf 
incomplete  removal  of  the  sensitized  stromata  following  decomplr menta¬ 
tion.  Subsequent  studies  revealed  that  this  was  the  case;  it  was 
observed  that  the  anti-complementary  activity  could  be  removed  by  high 
speed  centrifugation  of  the  absorbed  serum.  The  procedure  f  r  removing 
the  sensitized  stromata  therefore  was  modified  as  follows:  Following 
the  absorption  reaction,  the  serum-sensitized  stromata  mixture  was 
centrifuged  at  3°C  for  20  m;in  at  1000  ref,  and  the  supernatant  serum 
removed  from  the  button  of  sedimented  stromata.  The  absorbed  serum  then 
was  recentrifuged  at  55*000  ref  for  3°  min  to  remove  minute  particles 
of  stromata  that  remained  in  the  initial  supernate.  The  decompiemented 
serum  then  was  used  without  further  treatment  in  in*  diagnostic  comple¬ 
ment  fixation  tests.  Recent  studies  on  ;*era  from  clegs  that  were  artifi¬ 
cially  immunized  with  canine  herpes  vaccine  revealed  that  the  foregoing 
treatment  did  not  remove  the  specific  complement  fixing  antibodies. 
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In  contrast  to  the  earlier  initial  studies,  it  was  observed  that 
heat-inactivation  of  the  decomplemented  sera  usually  did  not  produce  the 
anticomplementary  activity  generally  encountered  with  heat-inactivated 
unabsorbed  sera.  These  unexpected  findings  may  provide  a  basis  for 
characterizing  the  component (s)  responsible  for  the  anticomplementary 
activity  of  the  latter.  Studies  along  these  lines  are  in  progress,  and 
include  investigations  on  the  effects  of  absorption  with  unsens itized 
erythrocyte  stromata,  absorption  with  untreated  (intact)  erythrocytes, 
and  absorption  with  erythrocytes  stabilized  by  pretreatment  with  pyruvic 
or  other  aldehyde.  In  addition,  the  efficacy  of  the  modified  complement 
fixation  test  for  evaluating  the  quality  of  canine  herpes  vaccines  is 
being  investigated.  Details  of  the  results  of  thes»  studies  will  be 
presented  in  the  following  report  on  this  Work  Unit. 

c.  Preservation  of  Treponema  pallidum  in  the  frozen  state.  A 
method  for  preserving  T.  pallidum  in  the  frozen  state  was  developed  and 
reported  in  detail  in  the  previous  report  on  this  Work  Unit.  The 
efficacy  of  this  procedure  for  prolonged  storage  of  treponemes  was 
further  evaluated  during  the  present  reporting  period.  For  this  evalua¬ 
tion,  a  glycerolized  T.  pallidum  suspension  containing  200  treponemes/hdf 
with  98 lo  motility,  was  divided  in  1-ml  aliquants,  shell-frozen,  and 
stored  at  -70°C  according  to  the  prescribed  procedures.  At  monthly 
intervals  a  sample  was  thawed,  counted,  checked  for  mobility,  and  the 
infectivity  determined  by  intratesticular  inoculation  into  a  rabbit. 

The  most  recent  observations  were  made  following  storage  for  13  months. 
The  sample  thawed  at  this  time  contained  200  treponemes/hdf  (the  same 
as  the  original  suspension)  with  92 1o  motility;  the  latter  represented 
only  a  6$  decline  from  that  of  the  original  material.  Intratesticuiar 
inoculation  of  the  suspension  into  a  rabbit  produced  a  typical  orchitis. 
Seven  days  after  inoculation,  the  rabbit  was  sacrificed  and  the  trepo¬ 
nemes  were  harvested  by  the  procedures  normally  used  for  obtaining 
antigen  for  the  TPI  test.  The  harvest  contained  40  treponemes/hdf  and 
90%  were  motile.  Moreover,  this  harvest  gave  valid  results  when  used 
as  antigen  in  routine  TPI  tests.  Although  the  treponerae  count  in  this 
harvest  was  approximately  one-half  that  normally  obtained  from  rabbits 
sacrificed  7  days  after  receiving  a  fresh  inoculum,  succeeding  passages 
produced  harvests  with  treponeme  concentrations  in  the  normal  range 
(80-120  organisms/hdf ) .  These  studies  have  shown  that  T.  pallidum  pre¬ 
served  by  these  methods  may  be  stored  for  more  than  one  year  without 
significant  loss  of  motility  or  infectivity.  Storage  in  this  manner 
assures  the  availability  of  a  satisfactory  inoculum  at  all  times  and 
provides  insurance  against  loss  of  the  strain  due  to  inability  to  obtain 
satisfactory  rabbits  (often  a  problem  in  early  spring)  or  to  unavoidable 
accidents  to  the  infected  animals. 

d.  Evaluation  of  the  micro-hemagglutination  test  (MHA-TP)  for 
syphilis.  In  1966,  Tomizawa  and  Kasamatsu^)  reported  development  of  a 
new  hemagglutination  test  for  the  serodiagnosis  of  syphilis.  These 
investigators  employed  a  sonicate  of  virulent  T.  pallidum  (Nichols  strain) 
adsorbed  on  formalinized  sheep  cells  as  the  antigen  in  their  tests,  and 
as  in  the  FTA-ABS  test,  treated  the  serum  with  a  sonicate  of  the 
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avirulent  Keiter  trepcnerne  u.  block  ai  y  ^ rep  enema  gr  up  ar.vib-di  es  that 
might  be  present.  These  investigators  Vise  obe^ved  that  the  sensitized 
sheep  cells  could  be  iyophilized,  and  tni  ;  led  to  the  development  of  a 
test  "kitM  that  was  produced  commercially  and  wide]*/  used  ir.  .japan.  It 
was  generally  believed  that  the  hemagglutination  test  *ave  results 
comparable  to  those  obtained  with  the  FTA-ABS  test. 

More  recently,  investigators  at  the  VBRL,  CDC,  adapted  the  proce¬ 
dure  to  the  Microtiter  system  and  reported  that  it  co  il d  he  performed 
manually  or  by  automation. (3*4)  Since  the  reagents  f  r  the  manual  and 
automated  microhemagglutination  tests  now  are  available  through  an 
American  distributor,  It  was  deemed  important  to  obtain  first  hand  infer* 
mat  ion  concerning  the  advantages  and  limitations  of  the  procedure.  Th  s 
was  accomplished  by  performing  parallel  MHA-TP,  TPI,  FTA-ABS  and  CMP 
tests  on  a  group  of  70  sera  submitted  to  this  laboratory  for  + repent mal 
eintibody  tests,  and  comparing  the  results.  The  fii.ii.ngs  are  summarized 
in  Table  4. 

Although  the  microhemagglutination  (MHA-TP)  test  obviously  was 
superior  to  the  cardiolipin  microf Jocculation  (CM?)  test,  the  procedure 
showed  some  deficiencies  in  specificity  and  sensitivity.  Six  of  the 
non-syphilitic  sera  in  the  group  reacted  in  the  MKA-Tf  ^est.  Admittedly, 
the  magnitude  of  these  reactions  was  not  great  (1+  or  2+).  Nevertheless, 
these  tests  would  have  been  considered  positive  according  to  the  criteria 
prescribed  for  interpreting  the  results.  On  the  other  hand,  3  of  the 
primary  syphilitic  sera  failed  to  react  in  the  MHA-TP  test,  In  tests  on 
sera  in  other  categories,  the  hemagglutination  test,  compared  favorably 
with  the  TFT  and  FTA-ABS  tests.  The  MHA-TP  test  gave  strong  reactions 
with  the  12  sera  from  individuals  with  late  syphilis  and  reacted  with 
only  1  of  the  6  sera  from  biologic  false  positive  reactois. 

On  the  basis  of  these  findings,  it  is  apparent  that  4 he  M3IA-TP  test 
cannot  replace  the  TPI  or  FTA-ABS  test  for  definitive  diagnosis  of 
syphilis.  However,  it  may  warrant  some  consideration  as  a  possible 
substitute  for  the  CMF  test  in  certain  situations,  but  even  this  applica¬ 
tion  may  be  limited  because  cf  the  considerably  greater  cost  of  reagents 
for  the  MHA-TP  test. 

e.  Preservation  of  complement  in  the  liquid  state.  Commercially 
prepared  iyophilized  guinea  pig  complement  (c* )  generally  is  marketed  in 
3-7  ml  volumes,  and  frequently  this  exceeds  the  amount  required  for  CF 
tests  conducted  on  a  given  day  .Since  the  renydrated  C’  is  quite  labile 
unless  stored  at  -tG°C,  the  portion  not  used  on  t;.^  day  of  rehydration 
usually  must  be  discarded.  This  results  in  a  considerable  waste  that  is 
of  particular  concern  when  lots  of  the  t eager; t  tha:  are  certified  to  be 
free  from  various  viral  and  rickettsial  antioodies  are  involved.  The 
latter  are  difficult  to  obtair  and  are  considerably  more  expensive  than 
tiie  C1  that  is  used  in  genera]  diagnostic  serology. 
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Table  4 


TPI,  FTA-ABS ,  MHA-TP,  and  CMF  testa*  on 
70  sera  submitted  for  treponemal  ant ibody  tests 


Number  of  re 
TPI 

ictors  and  nor 
FTA-ABS 

reactors  in  in 
MHA-TP 

Licated  test 
CMF 

Reactive 

53 

38 

42 

33 

Nonreactive 

27 

32 

28 

37 

NSI** 

10 

•"Tests  identified  as: 

TPI  *  T.  pallidum  Immobilization. 

FTA-ABS  •  Fluorescent  Treponemal  Antibody-Absorbed. 

MHA-TP  *  Microhemagglutination  -  T.  pallidum.  ' 

CMF  *=  Cardiolipin  Microflocculation. 

**NSI  =  Nonspecific  Immobilization  (invalidating  results). 


Studies  were  initiated  to  determine  wb';;.  r  ro...  ;  r  •?.  u.i  l* 

overcome  by  use  of  Richardson 1  s  solution(-)  ns  a  C  .  >4»*s«  i\\r.  This 

solution  is  composed  of*  b  rie  hold,  sc!iur;.  I  m4--  i*  ;  :»  r.  I4  ilcjv  .vei 

in  a  saturated  s  diurn  cnl  rite  so  iut  1  .n;  s  iium  nrl  g  :  :  ;t  iu** :  os  a 

bacteristat ic  ardent.  Some  adjustment  of  the  I'l’i.'drn!  v,ci.  >”  -  ;  r  r 
trations  of  the  components  was  necessary  t  l  rir>-  th*  i  T!  ;  !♦.*•  pre;>*r ve  1 
serum  mixture  to  the  proper  range  (pH  6.0-b.t).  A;.o  t  '4  v^s  bternineu 
that  .he  two  solutions  described  bv  Richards  r.  r  *  .  rr-gar'e  i  .cs  : 

single  reagent  and  an  appropriate  amount  adde  i  ,  .  o  s^rc*  .  I;v  f  rrr.u.a 

of  the  modified  Richardson's  solution  and  preceuvr-  4'  :  4.  .in  in  4!-- 

preservation  of  C'  are  given  in  detail  ii  l-l  1  . 

To  evaluate  the  stability  of  C'  preserved  m  4‘<  ::  i‘.  f>. 
Richardson's  solution,  a  pool  of  fresh  guinea  pig  rerun  was  c  '-nin-d  wi*h 
the  solution  according  t .  the  prescribe:  pr  ceduye:  .  ilspu.s-;! 
aliquants,  and  stored  at  3°C  At  approximately  week  ■*  interval  ^  a 
sample  was  titrated  for  hemolytic  activity.  In  aiiilhn,  tru  ra:.:!'4', 
of  the  C'  under  conditions  obtaining  in  diagn^l':  Or  tests  was  deter¬ 
mined  by  preparing  standardized  f>— ui- L 1  C*  from  tie  "-mpi-  *■:.  i  cr  •  er:ng 
the  controls  immediately  and  after  overnight  s:  rage  v  3‘V  The  results 
of  this  evaluation  are  summarized  in  Table  f  . 

Comparison  of  the  titers  the  non-pr^ser /*-d  C  and  the  preserved 
C*  titrated  on  day  0  revealed  that,  the  additi  n  r  *'  t|,M  Richards  rfs 
solution  resulted  in  a  slight  loss  of  hemolytic  activity  An  additional 
minor  reduction  of  titer  was  noted  in  the  preserved  C’  after  storage  fee 
1  week.  However,  no  further  loss  of  hemolytic  activity  was  ivf^d  Inr’ng 
the  succeeding  seven  weeks  of  storage.  A  Lt hough  the  initial  loss  of 
activity  observed  with  the  preserved  C’  obviously  is  nof  desirable,  it 
is  noteworthy  that  the  reduction  of  titer  is  not  f  sufficient  magnitude 
to  preclude  use  of  the  product  in  diagnostic  CP  tests;  In  a  number  of 
subsequent  evaluations  of  different  lots  f  fresh  ar.d  lyophi  :  ize«i  guinea 
pig  sera  (C’),  titers  «*f  the  preserve:  products  si  ‘rage  r  *vo 

months  always  exceeded  r,00  the  mir.irui;  .evu  c\  r :  i  v*rec  acceptable 

for  the  product  used  for  preparing  the  standard!  cel  C  err  1  ^yori  in 
diagnostic  CF  tests. 

The  stability  of  the  preserved  C  und*  r  f end i4, it  ns  *  htaLning  4n  the 
diagnostic  CF  tesfs  also  was  investigated.  At  eact  tservatjon  period, 
a  solution  containing  5  C'H^O/O.J  ml  was  prepared  by  the  standard  pr  en¬ 
dures.  Two  sets  of  l-uiii*'  controls  were  prepared  *  n<m  tie  standardized 
Cf;  th<*  hemolytic  activity  d’  one  set  was  ci.eck^J  n.mme!ia4  ii,,  and  that 
of  the  othr**  sef  after  overnight  incubation  ^4  :>  f  .he  r<*  suits  >  f  these 
studies  eiso  are  summarized  in  Table  t.  In  i  instance  did  tee  p^r  cent 

hemolysis  of  the  overnight  control  differ  jy  r.a  ^  tr^j.  10#  from  that  of 
the  initial  control.  These  results  are  r  a:: parable  4  t  r  ce  regularly 
obtained  with  non-preserved  C*.  Thus  it  is  appar»ju  r  na4  the  i  chardson's 
solution  dees  not  au/erscly  affe^4'  the  s * ab i  .  . 4 y  '  use  i  ;n  :luo- 

n  si i c  Cf  tests . 
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Table  5 


Preservation  of  Complement  in  Modified 
Richardson's  Solution 


Modified  Richardson's  Solution 


Borax  (Na2B407- 10H20) 

0.0U  M 

1.53  gm 

Boric  acid  (HjBOj) 

0.08  M 

O.U9  gm 

Sorbitol  (C5H14O6) 

0.29  M 

5.28  gm 

Sodium  azide  (NaN^) 

0.06  M 

0.39  gm 

Dissolve  the  above  components  in  saturated  NaCl  solution  and  q.s. 
to  100  ml  with  the  saturated  salt  solution. 


Note:  It  is  imperative  that  only  Reagent  Grade  quality  chemicals 
be  used  for  preparing  the  solution.  U.S.P.  Grade  is  unsatisfactory. 


Preservation  of  Complement 

Combine  8  parts  of  serum  (complement)  with  2  parts  of  Richardson's 
solution.  Mix  and  store  at  3-5°C  in  a  stoppered  tube.  Complement  pre¬ 
served  and  stored  in  this  manner  will  maintain  its  hemolytic  activity  for 
a  number  of  months. 


Use  of  Preserved  C'  in  CF  Tests 


For  use  in  CF  tests,  dilute  1.0  volume  of  the  preserved  C'  with 
7.0  volumes  of  distilled  water,  ttiis  will  restore  the  isotonicity  of 
the  solution  and  will  represent  a  1:10  dilution  of  the  original  serum. 
It  should  be  noted  that  the  diluted  C'  exhibits  the  same  lability 
shown  by  unpreserved  serum  and  must  be  handled  accordingly. 
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Table  6 


Stability  of  complement  preserved  in  modified 
Richardson's  solution  and  stored  at  3°C. 


C’  lot  62670 

Days  of 
storage 

Titer 

(C'H50/ml) 

1-unit  controls* 

(per  cent  hemolysis') 
Initial  Overnight  fyc) 

Non-pre served 

1250 

49 

40 

0 

988 

48 

7 

82.5 

45 

kC 

14 

869 

5? 

45 

22 

857 

48 

40 

28 

811 

50 

43 

56 

886 

53 

44 

42 

832 

46 

38 

50 

843 

51 

44 

60 

820 

48 

39 

*Pr<jFared  from  5-unit  C'  standardized  for  use  in 
diagnostic  CF  tests. 
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Studies  were  conducted  to  determine  whether  the  Richardson's 
solution  in  any  way  influenced  the  specific  reactivity  of  diagnostic 
complement  fixation  tests.  Standardized  5-unit  C'  wa3  prepared  from 
non-preserved  C'  and  fr^  C'  that  had  been  preserved  with  the 
Richardson's  solution.  Each  was  used  in  parallel  tests  on  a  group  of 
sera  from  patients  wit!  Chagas'  disease.  Without  exception,  the  titers 
obtained  with  the  two  complements  were  identical.  In  view  of  the  fore¬ 
going  studies,  it  is  apparent  that  Richardson's  solution  is  an  effectiie 
preservative  for  C'.  It  permits  storage  of  the  reagent  for  as  long  as 
two  months  in  the  liquid  state,  and  can  be  safely  used  to  avoid  undue 
waste  of  this  critical  reagent. 


f .  Evaluation  of  the  complement  fixation  test  for  malaria. 

Methods  for  effective  separation  of  malaria  parasites  from  host  erythro¬ 
cytes  and  for  isolation  of  specific  complement  fixing  antigens  from  the 
parasite  harvests  were  ieve loped  In  another  work  unit  assigned  to  the 
Department  of  Serology,  WRAIR.  Details  of  these  procedures  have  been 
published.'  *  During  the  present  reporting  period,  the  complement 
fixation  (CF),  Indirect  fluorescent  antibody  (IFA)  and  indirect 
hemagglutination  ( 11(A)  tests  were  compared  in  examinations  of  sera  from 
62  soldiers  that  developed  clinical  malaria  after  return  to  CONUS.  With 
the  exception  of  1  individual  with  falciparum  mataria,  all  of  these 
patients  had  parasitologically  proven  vivax  malaria.  These  studies  were 
conducted  in  collaboration  wit!  investigators  from  the  Parasitology 
Section,  Center  for  Disease  Control. 


In  each  case,  sera  were  collected  when  clinical  symptoms  appeared 
and  then  at  regular  intervals  for  1  year.  Antigens  from  P.  know le si 
(for  detection  of  vivax  antibodies)  and  from  P.  falciparum  were  used  in 
the  CF  tests.  P.  falciparum  and  P.  vivax  served  as  antigens  in  the  IFA 
tests.  The  IHA~procedure  utilized  a  crude  extract  of  P.  know leal  for 
sensitization  of  the  red  cells.  The  sera  were  grouped  in  4  categories 
based  on  the  time  after  appearance  of  clinical  symptoms  that  the  speci¬ 
mens  were  drawn.  These  groups  were  composed  of  sera  collected  0-13 
days,  15-58  days,  7  months,  and  1  year  after  onset  of  disease.  The 
results  of  these  studies  are  summarized  in  Table  7. 


It  is  noteworthy  that  the  CF  and  IFA  tests  were  equally  effective 
for  early  detection  of  antibodies.  With  the  group  of  sera  collected 
0-13  days  after  the  onset  *’  symptoms,  87%  reacted  in  the  CF  test  and 
89%  were  positive  in  the  IFA  test.  In  tests  on  the  sera  in  the  15-58 
day  category,  the  IFA  was  slightly  mbre  sensitive,  detecting  98%  of 
the  cases  whereas  the  CF  reacted  with  93%.  Results  obtained  with  the 
sera  collected  7  months  after  the  onset  of  disease  suggested  that 
following  cure  the  CF  test  may  revert  to  negativity  before  the  IFA  test; 
6U%  of  this  group  were  seronegative  in  the  CF  test  whereas  U7%  remained 
positive  in  the  IFA  test.  However,  examination  of  the  results  obtained 
with  sera  collected  1  year  after  radical  cure  revealed  that  this  was  not 
the  case.  The  frequency  of  reactions  was  essentially  the  same  in  both 
tests,  2h%  with  the  CF  and  26%  with  the  IFA. 
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Table  7 


Results  of  CF,  IFA,  and  IHA  tests  on  sera 
from  returnees  developing  malaria  within  CONUC 


Complement  Fixation  Tests 

Time  after 

Negative 

Positive 

onset 

No. 

•  % 

No. 

% 

0  -  13  days 

7 

13 

46 

87 

15  -  58  days 

4 

7 

r>3 

93 

7  months 

59 

64 

22 

3t 

1  year 

28 

76 

9 

24 

Indirect  Fluorescent 

Antibody  Tests 

Time  after 

Negative 

Positive 

onset 

No. 

'  * 

No. 

i 

0-13  days 

6 

11 

47 

89 

15  -  58  days 

1 

2 

57 

96 

7  months 

33 

53 

29 

47 

1  year 

28 

74 

10 

26 

Indirect  Hemagglutination  Tests 

Time  after 

Negative 

Positive 

onset 

No. 

i 

No. 

1 

0-13  days 

10 

19 

43 

81 

15  -  58  days 

5 

9 

53 

91 

7  months 

•  11 

18 

51 

82 

1  year 

9 

26 

25 

74 
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Review  of  the  results  obtained  with  the  IHA  tests  revealed  certain 
inherent  deficiencies  of  this  procedure.  The  IHA  was  less  sensitive  than 
the  CF  or  IFA  tests  for  early  detection  of  infection;  the  IHA  test  was 
positive  on  only  til$  of  the  sera  collected  0-13  days  after  onset  of 
clinical  symptoms.  Moreover,  reactivity  following  radical  cure  persisted 
much  longer  in  the  IHA  test  than  in  the  CF  or  IFA  tests.  With  the  sera 
collected  1  year  after  treatment,  7^$  remained  positive  in  the  IHA  test. 
These  comparative  studies  are  being  continued  in  tests  on  a  large  number 
of  sera  from  a  group  of  Californians  that  acquired  vivax  malaria  by 
sharing  needles. 

The  recent  acquisition  of  a  strain  of  P.  vivax  that  produces  3-10$ 
parasitemias  in  intact  Aotus  monkeys  for  the  first  time  has  provided 
P.  vivax  parasites  in  quantities  sufficient  for  preparing  complement 
fixing  antigen.  This  antigen  is  being  included  in  the  evaluation  now 
in  progress.  Since  the  majority  of  these  subjects  have  not  traveled  or 
resided  in  a  malaria  endemic  area,  and  thus  have  not  been  exposed  to 
P.  falciparum,  these  studies  provide  an  unusual  opportunity  to  compare 
the  efficacy  of  the  knowlesi  ari  vivax  Cv  antigens  for  detecting  vivax 
antibodies,  and  for  studying  the  cross  reactions  between  falciparum 
antigens  and  vivax  antibodies  in  the  CF  and  IFA  procedures.  Results  of 
these  investigations  will  be  reported  in  detail  in  the  next  report  on 
this  Work  Unit. 

g.  Evaluation  of  complement  fixation  and  fluorescent  antibody 
tests  for  anti-nuclear  antibodies.  For  years,  complement  fixation  (CF) 
and  fluorescent  antibody  tests  (FAT)  have  been  used  to  detect  anti¬ 
nuclear  antibodies  that  are  produced  in  many  collagen- vascular  diseases, 
especially  systemic  lupus  erythematosus  (SLE).  However,  reports  of 
critical  evaluations  and  comparisons  of  the  two  procedures  are  essen¬ 
tially  nonexistent.  In  view  jf  this  lack  of  definitive  information, 
selection  of  one  procedure  over  the  other  usually  has  been  based  solely 
on  the  personal  preferences  of  the  individual  responsible  for  performing 
the  test3. 

During  the  presen*  reporting  period,  a  collaborative  study  was 
initiated  with  investigators  in  the  Clinical  Laboratory,  WRGH,  to 
evaluate  the  relative  specificity  and  sensitivity  of  the  two  procedures 
and  to  correlate  the  findings  witt  the  clinical  data  on  each  patient. 

The  174  sera  evaluated  in  these  studies  were  selected  from  those 
submitted  to  the  Clinical  Laboratory  for  FAT  examination  for  anti-nuclear 
antibodies.  Portions  of  each  were  forwarded  to  the  Department  of 
f>.  roLogy,  WRAIR,  for  CF  tests.  The  FAT  performed  in  the  Clinical  Labo¬ 
ratory  was  an  indirect  fluorescent  antibody  procedure  employing  calf 
fhymus  nuclei  as  antigen.  The  CF  tests  performed  by  the  Department  of 
Serology  utilized  a  nucleo-prote in  extract  of  culf  thymus  as  antigen. 

Both  tests  were  performed  independently  without  knowledge  of  the  results 
)btained  in  the  other  laboratory. 


A  total  of  162  patients  were  evaluated  in  these  studies.  Thirty- 

nine  reacted  in  the  FAT  whereas  only  1 C  pave  reactions  in  the  CF  test. 

Among  the  10  of  the  group  that  reacted  ir.  L.  tn  tests,  ‘  ;.a.i  a  cTnieal 

diagnosis  of  SLE.  The  exception  was  a  patio:.4  v!:i  chronic  active 

hepatitis  and  was  believed  to  iiave  had  a  variety  :*  "autoant ihodies"  at 
high  titer.  It  is  noteworthy  that  all  patients  wi*h  active  SLE  reacted 
in  Loth  tests.  However,  these  individuals  uniform:.;,  uecane  seronegative 
in  the  CF  test  following  cortico  steroid  therapy.  This  alter  phenomenon 
was  not  observed  with  the  FAT. 

Although  the  data  from  these  studies  leave  many  questions  c t 111 
unanswered,  certain  generalizations  can  be  rr.ade.  it  appears  that  the  CF 
test  had  considerable  pathognomic  value  for  appraising  the  clinical  state 
in  SLE  and  acute  liver  disease,  but  is  of  little  or  no  value  fo*  the 
diagnosis  cf  other  collagen- vascular  diseases  or  rheumatic  disorders. 

The  FAT,  on  the  other  hand,  appears  to  reac‘  in  a  much  broader  spectrum 
of  collagen- vascular  diseases  and  often  is  positive  In  oases  of  -r.euma- 
toid  arthritis  and  scleroderma. 

The  group  of  patients  that  reacted  in  the  FAT  bu*  presented  no 
other  evidence  of  collagen-vascular  disease  is  of  specie,  interest.  It 
is  suggested  that  long-term  longitudinal  studies  >e.  tr.is  group  wouLd  be 
worthwhile  to  determine  whether  this  unexplained  reactivity  in  the  FAT 
is  indicative  of  occult  collagen- vascular  or  rheumatic  disease  that 
ultimately  will  exascerbate  at  some  future  t  *  me .  Unfortunately,  ether 
priorities  do  not  permit  a  study  of  this  nature  a*  the  present '  time . 

Summary  and  Conclusions. 

1.  The  soluble  antigen  fluorescent  antibody  (SAFA)  procedure 
continues  to  show  excellent  potential  for  the  serodiagnosis  of  a  variety 
of  infectious  diseases.  Recent  innovations  of  methodology  have  further 
improved  the  sensitivity  and  specificity  of  the  procedure. 

a.  Studies  on  the  use  of  me  SAFA  test  fer  the  serodiagnosis  of 
tuberculosis  have  been  continued.  In  investigations  on  monkeys  infected 
with  graded  doses  of  H.  tuberculosis  and  those  acquiring  tt.e  disease  by 
exposure  to  an  inoculated  animal,  the  SAFA  test  was  superior  to  tuber¬ 
culin  tests  conducted  intrapalpebrally  or  on  the  abdomen.  The  SAFA  test 
detected  39  of  the  Ul  infected  animals  whereas  the  it  rrapalpebrai  tuber¬ 
culin  test  detected  31  of  the  infected  monkeys  and  the  tubercuim  test 
performed  on  the  abdomen  was  positive  in  only  2b  of  me  gr  up.  In  con¬ 
trast  to  the  palpebral  tuberculin  test  that  showed  conversion  in  3  of 
the  7  uninfected  controls j  no  false  positive  reactions  were  obtained 
with  the  SAFA  test.  Use  of  the  SAFA  test  for  screening  and  monitoring 
tuberculosis  in  the  animals  of  the  nonhuman  primate  colongy  at  WRAIR  is 
being  continued. 

Comprehensive  investigations  or.  the  potent ia’  f  the  SAFA  test  for 
the  serodiagnosis  of  human  tuberculosis  have  been  initiated.  The 
principal  objectives  of  these  studies  are  to  te'ertine  the  specificity 
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and  sensitivity  of  the  SAFA  test  for  the  diagnosis  of  human  tuberculosis, 
to  compare  the  SAFA  test  results  with  those  obtained  by  other  diagnostic 
technics,  and  to  evaluate  the  SAFA  test  as  an  indicator  of  therapeutic 
response . 

b.  Studies  on  the  suitability  of  the  SAFA  test  for  the  serodiagno- 
sis  of  canine,  ovine  and  human  echinococcosis  were  continued.  Use  of  a 
fraction  from  E.  granulosis  scoleces  rather  than  hydatid  fluid  as  anti@n 
markedly  improved  the  specificity  and  sensitivity  of  the  tests,  particu¬ 
larly  when  dog  and  sheep  serR  were  examined. 

2.  Critical  evaluation  of  antigens  for  the  serodiagnosi s  of 
American  trypanosomiasis  (Chagas'  disease)  was  continued.  Two  of  the 
original  8  antigens  remain  candidates  for  consideration  as  the  standard 
reference  antigen.  These  2  antigens  are  being  more  extensively  evaluated 
for  nonspecific  reactivity,  specific  reactivity,  reproducibility  end 
stability. 

3.  Efforts  to  further  improve  serologic  methods  and  reagents  were 
continued  during  the  present  reporting  period. 

a.  The  new  quantitatively  standardized  complement  fixation  proce¬ 
dure  was  shown  to  provide  an  excellent  method  for  critically  evaluating 
antigen  stability.  With  this  procedure,  the  specific  reactivity  can  be 
expressed  independently  from  the  influence  of  complement  deterioration, 
thus  eliminating  the  confusion  caused  by  titer  fluctuations  normally 
encountered  in  tests  conducted  on  different  days.  This  is  accomplished 
by  expressing  the  specific  reactivity  as  the  ratio  of  the  antigen  and 
serum  titers. 

b.  The  modified  complement  fixation  procedure  for  tests  on  dog 
sera  was  further  improved.  Decomplementation  of  the  serum  by  absorption 
with  immune  complex  (sensitized  erythrocyte  stromata)  continued  to  be 
the  method  of  choice  for  avoiding  the  requirement  for  heat  inactivation. 
It  was  observed  that  shaking  the  serum-sensitized  stromata  mixture 
improved  the  efficacy  of  absorption.  Also,  high  speed  centrifugation 
was  necessary  to  completely  remove  the  stromata  following  absorption. 

The  absorbed  sera  were  not  anticomplementary,  and  tests  on  sera  from 
dogs  artificially  immunized  with  canine  herpes  vaccine  revealed  that 
this  treatment  did  not  remove  the  specific  complement  fixing  antibodies. 

c.  Studies  on  the  preservation  of  T.  palli dum  in  the  frozen  state 
were  continued.  Glycerolized  suspensions^  of  the  organisms  showed 
essentially  no  loss  of  motility  or  infectivity  after  storage  at  -70°C 
for  13  months.  Storage  in  this  manner  assures  the  constant  availability 
of  a  satisfactory  inoculum  for  preparing  antigen  for  the  TPI  and  FTA-ABS 
tests  for  syphilis. 

d.  A  new  microhemagglutination  test  for  syphilis  was  evaluated. 
Parallel  microhemagglutination,  cardiolipin  slide  flocculation,  TPI  and 
FTA-ABS  tests  were  performed  on  70  sera  submitted  for  treponemal  antibody 
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tests,  and  the  results  were  compared.  Although  the  micr  l.eir. agglutina¬ 
tion  test  was  superior  to  the  standard  cardiolipin  test,  th^  procedure 
showed  some  deficiencies  in  specificity  and  sensitivity,  fix  of  the 
nonsyphilitic  sera  reacted  in  the  microhemaggiut':  nat  icn  tesr ,  and  3  of 
the  primary  syphilitic  sera  failed  to  reac+  .  On  th*r  other  :.ar:d,  me 
test  gave  strong  reactions  with  the  12:  sera  from  individuals  with  iafe 
syphilis  and  reacted  with  only  1  of  trie  C  sera  from  biologic  false  posi¬ 
tive  reactors.  It  was  concluded  that  the  rnicrohemagglutination  test  in 
certain  situations  might  serve  as  a  substitute  for  the  cardiolipin  test, 
but  could  not  replace  the  TPI  or  FTA-ABS  test  for  definitive  diagnosis 
of  syphilis. 

e.  A  procedure  for  the  preservation  and  storage  o°  complement  in 
the  liquid  state  was  developed  and  evaluated.  Guinea  pig  serum  could 
be  stored  at  3°C  for  2  months  with  only  a  modest  loss  of  hemolytic 
activity.  The  preserved  complement  was  shewn  tc  be  satisfac tor/  for  use 
in  diagnostic  CF  tests  and  its  stability  under  conditions  obtaining  in 
the  diagnostic  tests  was  comparable  to  that  of  untreated  complement  . 

The  procedure  can  be  used  to  avoid  undue  waste  of  a  critical  reagent. 

f.  The  complement  fixation  (CF)  test  for  malaria  was  evaluated  in 
tests  on  sera  from  a  group  of  servicemen  who  experienced  clinical  malaria 
after  return  to  CONUS.  The  results  were  compared  with  those  obtained  in 
indirect  fluorescent  antibody  (IFA)  and  indirect  hemagglutination  (IHA) 
tests.  The  CF  and  IFA  tests  were  equally  effective  in  detecting  anti¬ 
bodies  in  the  sera  collected  0-13  days  after  the  onset  of  symptoms.  The 
IFA,  however,  gave  a  slightly  higher  number  of  reactions  with  the  group 
of  sera  collected  3  weeks  after  onset.  The  CF  test  showed  more  rever¬ 
sions  to  negative  than  did  the  IFA  test  on  sera  collected  7  months  after 
treatment.  However,  the  number  of  reactors  in  the  CF  and  IFA  tests  was 
essentially  the  same  with  the  sera  collected  1  year  after  radical  cure. 
The  IHA  test  was  less  effective  than  the  CF  or  IFA  tests  for  early  detec¬ 
tion  of  antibodies,  but  once  developed,  antibodies  reactive  in  the  IHA 
test  persisted  for  a  much  longer  period  than  those  reactive  in  the  CF 
and  IFA  test.  The  studies  are  being  continued  on  sera  from  a  group  of 
sera  from  .individuals  who  acquired  vivax  malaria  by  sharing  needles. 

g.  The  complement  fixation  and  fluorescent  antibody  tests  for 
anti-nuclear  antibodies  were  evaluated  on  sera  from  patients  with  a 
provisional  diagnosis  of  collagen- vascular  disease  cr  rheumatoid  dis¬ 
order.  The  complement  fixation  test  proved  to-  have  considerable 
pathognomic  value  for  appraising  the  clinical  state  in  SLE  and  acute 
liver  disease,  but  was  of  little  or  no  value  for  the  diagnosis  of  other 
collagen- vascular  diseases  or  rheumatic  disorders.  On  the  other  hand, 
the  fluorescent  antibody  test  appeared  to  react  Lr.  a  much  broader 
spectrum  of  collagen-vascular  diseases  and  often  was  positive  in  cases 
of  rheumatoid  arthritis  and  scleroderma. 
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